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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to dis-
tributed temperature sensing systems, and more specif-
ically, to an automated system and method for testing
the efficacy and reliability of distributed temperature
sensing (DTS) systems, in particular, those DTS systems
used for pipeline leakage detection.

BACKGROUND OF THE INVENTION

[0002] Distributed fibre optic temperature sensing sys-
tems are currently being employed in the field to monitor
fluid-carrying pipelines and detect leaks therein. In a typ-
ical deployment, a distributed temperature sensing
(DTS) system includes fibre optic sensing cables laid out
in a sensing line that runs on or alongside sections of the
pipeline to be monitored and a DTS unit to which the
sensing cables are optically coupled. The DTS unit emits
pulses of light through the sensing cables and receives
backscattered light signals. These light signals are proc-
essed using ODTRtechniques (Optical Time Domain Re-
flectometry) to derive therefrom temperature values as-
sociated with locations along the sensing line.

[0003] In agas-carrying or liquefied gas-carrying pipe-
line, when a leak occurs at a location along the sensing
line the DTS system will generally detect a localized tem-
perature drop or "cold spot". The gaseous substance
flowing through the pipeline is cooled down by the pres-
sure release through the leaking pipe section and cools
the pipe section and the surrounding area. In some cas-
es, itis also possible to observe a hot-spot when a leak
occurs in a gas-carrying pipeline, for example, in a pipe-
line carrying water vapor.

[0004] In aliquid-carrying pipeline, when a leak occurs
at a location along the sensing line the DTS system will
generally detect a localized temperature rise or "hot
spot". The liquid substance flowing through the pipeline
is typically warmer than the structures adjacent the sens-
ing line such that when the liquid escapes from the pipe-
line it tends to warm such structures. In some cases, it
is also possible to observe a cold-spotin the case of leaks
from a liquid-carrying pipeline, for example, if the trans-
ported liquid is colder than the environment.

[0005] Such DTS systems have the advantage of being
scalable and relatively easy to deploy over long pipeline
sections. Moreover, such systems have been shown to
detect leakage events with good accuracy and reliability.
However, as with all safety systems, it is important to be
able to assess the reliability of the DTS system and to
test whether the DTS system is functioning properly. In
the past, such assessment and testing have been per-
formed periodically on annual or quarterly basis by pipe-
line personnel. Such periodic testing typically involves a
worker manually exposing the sensing line to a cooling
or heating source to produce a localized cold or hot spot.
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This is not unlike the periodic testing performed in fire
detection systems and LNG pipelines.

[0006] It would be advantageous to be able to assign
a Safety Integrity Level (SIL) or equivalent confidence
level to such DTS systems. However, in order for the
DTS system to be SlL-certified, certain requirements
have to be met, interalia, targets for maximum probability
of a dangerous failure. These requirements can be com-
plied with by establishing a rigorous development and
documentation process, or by establishing that the sys-
tem has sufficient operating history to demonstrate that
it has been proven in use. In some cases, due to the
complexity of software used to operate DTS systems, it
may not be possible to demonstrate compliance with SIL
certification requirements by way of a rigorous develop-
ment and documentation process. Accordingly, in such
cases, the only way to show compliance with SIL certifi-
cation or equivalent confidence level requirements is
through extensive proof of use. With current testing of
the DTS systems being performed manually only a few
times a year, it is difficult to generate the data required
to evidence the DTS system’s reliability through proven
use.

[0007] Based on the foregoing, it would be advanta-
geous if a DTS system could be provided with an inde-
pendent testing system that could easily be incorporated
into a sensing line and that would be operable to test the
reliability and functionality of the DTS system on a rela-
tively high-frequency basis in a continuous and autono-
mous manner.

[0008] US 5,821,861 teaches monitoring wall temper-
atures of a reactor vessel by arranging an optical fibre in
thermal contact with the wall and employing an optical
time domain reflectometry system to monitor the respec-
tive temperatures at different points along the fibre. An
alarm may be triggered automatically when hot spots are
detected. To facilitate testing of the system for correct
operation, a heating pad is provided to heat a portion of
the optical fibre bundle near one of its ends. The heating
pad comprises a temperature controlled heating element
which can heat up a short section of the fibre bundle to
apredetermined, accurately controlled temperature. The
heating element is switched on from time to time and a
check performed to ascertain that this is detected by the
equipment.

[0009] DE 102008 031 875 A1 discloses a device for
testing a fibre optic temperature measurement system.
The device includes a test sensor fibre configured to be
coupled to a temperature measurement system and a
heating device in contact with the test sensor fibre. A
control unit is configured to control the heating device.
[0010] US 4,823,166 teaches an optical time-domain
reflectometry method of sensing respective values of a
physical parameter at different locations along an optical
fibre.
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SUMMARY OF THE INVENTION

[0011] In accordance with one broad aspect of the
presentdisclosure, there is provided a kit for a distributed
sensing system as defined in claim 1.

[0012] In one feature, the at least one physical param-
eter includes temperature and the at least one change-
inducing device is selected from the group consisting of:
(a) a cooling device; (b) a heating device; and (c) a strain-
inducing devices.

[0013] In another feature, the at least one change-in-
ducing device is a temperature change-inducing device.
The at least one temperature change-inducing device is
selected from the group consisting of: (a) a cooling de-
vice; and (b) a heating device. Optionally, the at least
one temperature change-inducing device is a cooling de-
vice selected from the group consisting of: (a) a Peltier
cooler; (b) a gas-based cooling device; and (c) a liquid-
based cooling device. Alternatively, the at least one tem-
perature change-inducing device is a heating device se-
lected from the group consisting of: (a) a Peltier heater;
(b) agas-based heating device; (c) aliquid-based heating
device; (d) a burner; and (e) an electrical resistance heat-
er.

[0014] In an additional feature, the at least one tem-
perature change-inducing device is disposed in heat ex-
change relation with the at least one test cable. The at
leastonetest cable cooperates with the atleast one cable
temperature change-inducing device to define at least
one testing station. The at least one testing station is
disposed along the sensing line at a location away from
the structure to be monitored.

[0015] In a further feature, the at least one test cable
includes first and second test cables. The at least one
temperature change-inducing device includes first and
second temperature change-inducing devices. The first
temperature change-inducing device is disposed in heat
exchange relation with the first test cable. The second
temperature change-inducing device is disposed in heat
exchange relation with the second test cable. The atleast
one testing station includes first and second testing sta-
tions. The first testing station is defined by the first test
cable in cooperation with the first temperature change-
inducing device. The second testing station is defined by
the second test cable in cooperation with the second tem-
perature change-inducing device. The first and second
testing stations are disposed along the sensing line at
different locations.

[0016] In another feature, the at least one temperature
change-inducing device is a single temperature change-
inducing device. The at least one test cable includes a
first test cable and a second test cable. The at least one
testing station includes first and second testing stations.
The first testing station is defined by the first test cable
in cooperation with the single temperature change-induc-
ing device. The second testing station is defined by the
second test cable in cooperation with the single temper-
ature change-inducing device.
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[0017] In yet another feature, a length of the at least
one test cable is supported on a spool. The length of the
at least one test cable supported on the spool measures
between 0.5 m and 2.0 m. Optionally, the length of the
at least one test cable supported on the spool is matched
to the spatial resolution of the distributed sensing unit.
[0018] In still another feature, the sensing line has a
loop configuration. The at least one sensing cable in-
cludes first, second and third sensing cables. The at least
one test cable includes first and second test cables. The
first sensing cable is disposed between the distributed
sensing unit and the first test cable. The second sensing
cable is disposed between the first test cable and the
second test cable. The third sensing cable is disposed
between the second test cable and the distributed sens-
ing unit. In an additional feature, the sensing line is con-
figured for one of single-ended interrogation and double-
ended interrogation.

[0019] In a differentfeature, the sensing line has a first
end and a second end. Only the first end of the sensing
line is connected to the distributed sensing unit.

[0020] In yet another feature, the distributed sensing
unitis operable to: (a) emit pulses of light for transmission
through the sensing line; (b) receive light signals from
the sensing line; and (c) derive from the light signals re-
ceived the at least one physical parameter associated
with the sensing line at a location thereof. The light sig-
nals received are light signals selected from the group
consisting of: (a) Raman scattered light signals; (b)
Brillouin scattered light signals; and (c) Rayleigh scat-
tered light signals.

[0021] In an additional feature, the controller includes
a timer to measure the time elapsed between the occur-
rence ofthe change inthe atleast one physical parameter
associated with the at least one test cable and the de-
tection thereof by the distributed sensing unit.

[0022] In one feature, the at least one physical param-
eter is temperature. The distributed sensing system fur-
ther includes at least one temperature sensor for meas-
uring the temperature of the at least one test cable. The
temperature sensor is configured for communication with
the controller.

[0023] In another feature, the at least one test cable
includes first and second test cables. The at least one
change-inducing device includes firstand second cooling
devices. The controller is operable to actuate the first
cooling device to cool the first test cable to a first prede-
termined temperature range and the second cooling de-
vice to cool the second test cable to a second predeter-
mined temperature range. The first predetermined tem-
perature range is the same as the second predetermined
temperature range. In an alternate feature, the first pre-
determined temperature range is different than the sec-
ond predetermined temperature range.

[0024] Instillanotherfeature, the atleastonetestcable
includes first and second test cables. The at least one
change-inducing device includes first and second tem-
perature change-inducing devices. The controller is op-
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erable to actuate the first and second temperature
change-inducing devices at random time intervals. Alter-
natively, the controller is operable to actuate the first and
second temperature change-inducing devices contem-
poraneously. In still a further feature, the controller is op-
erable to actuate the first temperature change-inducing
device at afirst time interval and the second temperature
change-inducing device at a second time interval. The
first time interval and the second time interval are the
same. Alternatively, the first time interval and the second
time interval are staggered from each other.

[0025] In accordance with another broad aspect of the
presentinvention, there is provided an automated meth-
od for testing the reliability and the efficacy of a distributed
sensing system deployed on a structure to be monitored,
as defined in claim 15.

[0026] In one feature, the method further includes, fol-
lowing the performance of the calculating step, the step
of de-energizing the at least one change-inducing device
to reverse the change in the at least one physical param-
eter associated with the atleastone test cable. The meth-
od further includes, following the performance of the de-
energizing step, the step of repeating step (a) through
step (i).

[0027] In another feature, the at least one sensing ca-
ble includes first, second and third sensing cables. The
at least one test cable includes first and second test ca-
bles. The first sensing cable is disposed between the
distributed sensing unit and the first test cable. The sec-
ond sensing cable is disposed between the first test cable
and the second test cable. The third sensing cable is
disposed between the second test cable and the distrib-
uted sensing unit.

[0028] In a further feature, the at least one change-
inducing device includes a first temperature change-in-
ducing device and a second temperature change-induc-
ing device. The actuating step includes actuating the first
temperature change-inducing device and the second
temperature change-inducing simultaneously. Alterna-
tively, the actuating step includes actuating the first tem-
perature change-inducing device and the second tem-
perature change-inducing device at staggered time in-
tervals.

[0029] Inanadditionalfeature, the atleastone change-
inducing device includes at least one cooling device. The
method further includes, following the actuating step, the
step of cooling the at least one test cable.

[0030] In a different feature, the at least one change-
inducing device includes atleast one heating device. The
method further includes, following the actuating step, the
step of heating the at least one test cable.

[0031] Inayetanotherfeature,the atleastone change-
inducing device includes at least one strain-inducing de-
vice. The method furtherincludes, following the actuating
step, the step of inducing strain in the at least one test
cable.

[0032] In stillanother feature, the light signals received
at the distributed sensing unit are light signals selected
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from the group consisting of: (i) Raman scattered light
signals; (ii) Brillouin scattered light signals; and (iii)
Rayleigh scattered light signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The embodiments of the presentinvention shall
be more clearly understood with reference to the follow-
ing detailed description of the embodiments of the inven-
tion taken in conjunction with the accompanying draw-
ings, in which:

FIG. 1 illustrates an distributed temperature sensing
system having an automated testing system con-
nected to a distributed temperature sensing subsys-
tem deployed on a gas-carrying pipeline to form a
single sensing line, in accordance with an embodi-
ment of the present invention;

FIG. 2 is a block diagram showing components of
the DTS unit of the distributed temperature sensing
subsystem illustrated in FIG. 1;

FIG. 3 illustrates an distributed temperature sensing
system having an automated testing system con-
nected to a distributed temperature sensing subsys-
tem deployed on a gas-carrying pipeline to form two
overlapping and redundant sensing lines, in accord-
ance with another embodiment of the present inven-
tion;

FIGS. 4A and 4B together form a flowchart illustrat-
ing the steps to be performed for a distributed tem-
perature sensing process incorporating an automat-
ed testing process in connection with the DTS sys-
tem shown in FIG. 1;

FIG. 5 illustrates an distributed temperature sensing
system having an automated testing system con-
nected to a distributed temperature sensing subsys-
tem deployed on a liquid-carrying pipeline to form a
single sensing line, in accordance with an embodi-
ment of the present invention; and

FIGS. 6A and 6B together form a flowchart illustrat-
ing the steps to be performed for a distributed tem-
perature sensing process incorporating an automat-
ed testing process in connection with the DTS sys-
tem shown in FIG. 5.

DETAILED DESCRIPTION OF THE EMBODIMENTS
OF THE INVENTION

[0034] The description which follows, and the embod-
iments described therein are provided by way of illustra-
tion of an example, or examples of particular embodi-
ments of principles and aspects of the present invention.
These examples are provided for the purposes of expla-
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nation and not of limitation, of those principles of the in-
vention. In the description that follows, like parts are
marked throughout the specification and the drawings
with the same respective reference numerals.

[0035] Referringto FIG. 1, there is shown a distributed
temperature sensing (DTS) system designated generally
with reference numeral 10. The DTS system 10 includes
a DTS subsystem 20 and an automated testing system
22. In the preferred embodiment, the automated testing
system 22 is designed to test the efficacy and reliability
of the DTS subsystem 20 deployed along a pipeline 24
by simulating, in an automated manner, a relatively high
frequency of leakage conditions along a sensing line 26
which are detectable by the DTS subsystem 20 and mon-
itoring the response of the DTS subsystem 20 to such
simulated leakage conditions. In this embodiment, the
automated testing system 22 and the DTS subsystem 20
are deployed on pipeline 24 carrying a gaseous sub-
stance. In other embodiments, the pipeline could be car-
rying a liquid substance.

[0036] In this embodiment, the DTS subsystem 20 in-
cludes a DTS unit 28 and a plurality of temperature sens-
ing cables (generically identified with reference numeral
30) for optically coupling to the DTS unit 28. Optionally,
the DTS subsystem 20 could also include a multiplexer,
a display device (e.g. a monitor), one or more input de-
vices (e.g. keyboard, mouse or touchpad) and/or a net-
work device; all connectable to the DTS unit 28.

[0037] The DTS unit 28 may be any suitable device for
receiving and/or processing temperature dependent light
signals. In this embodiment, the DTS unit 28 includes: a
plurality of connectors (generically identified with refer-
ence numeral 32) for optically coupling temperature
sensing cables 30 to the DTS unit 28; a light source 34
capable of emitting pulses of light, or otherwise modulat-
ing it, for transmission along the sensing line 26 (including
the coupled temperature sensing cables 30); a receiver
or reader 36 capable of receiving light signals from the
sensing line (including the coupled temperature sensing
cables 30) (i.e. backscattered light) and converting such
light signals to electrical signals; a microprocessor 38
capable of determining temperature values based on the
electrical signals received from the receiver 36; and
memory 40 for storing the software application containing
the instructions executed by the microprocessor 38, and
the temperature data generated by the microprocessor
38. Also provided, are directional couplers 42 to couple
the backscattered light signals to the receiver 36. In cer-
tain embodiments, the DTS unit could also include a mul-
tiplexer module and/or other components.

[0038] In this embodiment, the plurality of connectors
32includes a first connector 32a and a second connector
32b. In other embodiments, the plurality of connectors
could include a greater number of connectors.

[0039] An example of a DTS unit which would be suit-
able for use with an embodiment of the present invention
is the HALO - DTS™ system made commercially avail-
able by Sensornet Limited of Hertfordshire, United King-

10

15

20

25

30

35

40

45

50

55

dom. In alternative embodiments, other DTS units could
be used. The sensing capabilities of such DTS units could
also be based on distributed Raman scattering, or still
other light scattering phenomena, including, for example,
distributed Brillouin scattering or distributed Rayleigh
scattering.

[0040] Inthis embodiment, the plurality of temperature
sensing cables 30 includes first, second and third tem-
perature sensing cables 30a, 30b and 30c, respectively.
In other embodiments, the plurality of temperature sens-
ing cables could include a greater or lesser number of
cables. As will be explained in greater detail below, the
first and third temperature sensing cables 30a and 30c
serve to optically couple the DTS unit 28 to the automated
testing system 22. The second temperature sensing ca-
ble 30b is deployed on or alongside sections of the pipe-
line 24 and is optically coupled to the automated testing
system 22.

[0041] Preferably, each temperature sensing cable 30
includes at least one centrally disposed optical fibre
which may be protected by a combination of coatings,
sheaths and/or armouring wires. The optical fibre may
be a single mode optical fibre or a multimode optical fibre.
It may be made from any suitable material that allows a
sufficient level of scattering intensity for the distributed
temperature measurements. An example of a tempera-
ture sensing cable which would be suitable for use with
an embodiment of the presentinvention is the DiTemp™
temperature sensing cables made commercially availa-
ble by Smartec S.A. of Manno, Switzerland.

[0042] Referring to FIG. 1, the automated testing sys-
tem 22 includes a plurality of test temperature sensing
cables (generically identified with reference numeral 50),
a pair of cooling devices 52a and 52b for cooling sections
of the test cables 50, and a controller 54 for actuating the
cooling devices 52a and 52b.

[0043] In this embodiment, the plurality of test cables
50 includes a first test cable 50a and a second test cable
50b. In other embodiments, the plurality of test cables
could include a greater or lesser number of cables. Each
test cable 50a, 50b contains a sensing optical fibre similar
to sensing optical fibre contained in the temperature
sensing cables 30 described above. However, in con-
trast, to the temperature sensing cables 30, the test ca-
bles 50a and 50b do not have protective sheaths or ar-
mouring wires. While it is generally preferred that the
each test cable 50a, 50b be a single unbroken length of
cable, it will be appreciated that in certain embodiments
it may desirable to have the test cable made up of two
or more sections of cable coupled together via an external
splice or connector.

[0044] Portions of the first and second test cables 50a
and 50b are carried on spools 56a and 56b, respectively.
Preferably, each spool 56a, 56b supports a length of test
cable equivalent to the shortest length expected to be
effected by a leakage event occurring along the pipeline
being monitored, typically between 0.50 m and 2.0 m. In
this embodiment, the spools 56a and 56b each support
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about 1.0 m of test cable. Although, in other embodi-
ments, different lengths of test cable could be accommo-
dated on a spool. The length of the test cable may also
be matched to the spatial resolution of the DTS unit. The
first spool 56a is disposed in heat exchange relation with
the first cooling device 52a; whereas the second spool
56bis arranged in heat exchange relation with the second
cooling device 52b. In an alternative embodiment, the
test cables could be disposed in heat exchange relation
with the cooling devices without the use of spools.
[0045] Preferably, the cooling devices 52a and 52b are
thermoelectric cooling devices (also known as Peltier
coolers) and operable to cool the test cables 50a and
50b, respectively, to have temperature profiles similar to
that which would be produced if the test cables were ex-
posed to a gas leak. In alternative embodiments, the cool-
ing devices could take the form of gas or liquid-based
cooling devices. For example, in one embodiment, the
cooling device could use as its cooling medium the same
gas as the one carried in the pipeline. In another embod-
iment, the cooling device could take the form of a vessel
into which may be introduced the test cable. An electro-
valve could be provided to regulate the flow of a com-
pressed gas through an orifice into the vessel. In a further
alternative, the testing cable could be placed in a cham-
ber, where a cooled liquid is circulated. In this embodi-
ment, the automated testing system 22 includes two cool-
ing devices 52aand 52b. In other embodiments, a greater
number of cooling devices could be provided. In still other
embodiments, the automated testing system could be
provided with a single cooling device. In such embodi-
ments, the single cooling device could be configured to
cool a single test cable or alternatively, it could be con-
figured to cool two test cables.

[0046] The first cooling device 52a and the first test
cable 50a cooperatively define a first testing station 58a.
Similarly, the second cooling device 52b and the second
test cable 50b cooperatively define a second testing sta-
tion 58b. The first and second testing stations 58a and
58b may be deployed at different location along the sens-
ing line 26.

[0047] The controller 54 may be any suitable device
for actuating the cooling devices 52a and 52b. In certain
applications, it may be desirable for the controller to be
SIL (Safety Integrity Level)-rated. In certain applications,
it might be further desirable the controller to include a
1002 or 2003 voting system.

[0048] The controller 54 is programmed to actuate
each of the cooling devices 52a and 52b at predeter-
mined times or time intervals (for example, every 15 min-
utes, or every hour) to cool the test cables 50a and 50b
to one or more predetermined temperatures (or temper-
ature ranges) thereby mimicking the cooling temperature
effect which a temperature sensing cable would experi-
ence as a result of being exposed to gas leaking from
the pipeline 24. Such temperatures or temperature rang-
es could be determined from numeric simulations or from
leakage tests performed on the pipeline. Preferably, the
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cooling devices 52a and 52b are actuated simultaneous-
ly. Alternatively, in certain applications, the time intervals
atwhich the controller 54 actuates the cooling device 52a
could be staggered from the time intervals at which the
controller 54 actuates the cooling device 52b. For exam-
ple, if the controller 54 is programmed to actuate the cool-
ing devices 52a and 52b twice in a one (1) hour period,
the controller 54 could actuate the cooling devices 52a
and 52b at half hour intervals. In still other embodiments,
the controller could be programmed to actuate each of
the cooling devices at random time intervals.

[0049] The controller 54 is programmed to cause the
first cooling device 52a to cool the first test cable 50a to
afirst predetermined temperature (or temperature range)
and the second cooling device 52b to cool the second
test cable 50b to a second predetermined temperature
(or temperature range). Preferably, the first and second
predetermined temperatures (or temperature ranges)
are the same. In other embodiments, the first predeter-
mined temperature (or temperature range) could be dif-
ferent than the second predetermined temperature (or
temperature range).

[0050] The controller 54 also includes a microproces-
sor 60 and memory 62. As explained in greater detail
below, the memory 62 is configured to store data gener-
ated from the occurrence of a simulated leakage event
resulting from the actuation of the cooling devices 52a
and 52b. Optionally, the controller could also include a
timer to measure the time elapsed between the occur-
rence of a simulated leakage event and the detection of
the simulated leakage event by the DTS subsystem 20.
[0051] Optionally, the automated testing system 22
could also include temperature sensors for measuring
the temperature of each of the test cables 50a and 50b.
Such temperature sensors would be configured for com-
munication (e.g. wired or wireless communication) with
the controller 54.

[0052] An exemplary deployment of the DTS subsys-
tem 20 and the automated testing system 22 on pipeline
24 is now described in greater detail with reference to
FIG. 1. In this embodiment, the sensing line 26 is defined
by the first temperature sensing cable 30a, the first test
cable 50a, the second temperature sensing cable 30b,
the secondtest cable 50b and the third temperature sens-
ing cable 30c; all optically coupled to each other. In other
embodiments, the sensing line could include extension
(or interconnect) cables and/or a greater or lesser
number of temperature sensing cables and/or test ca-
bles. For instance, it may be possible to replace temper-
ature sensing cables 30a and 30c with extension (or in-
terconnect) cables.

[0053] The particular arrangement of temperature
sensing cables and test cables in sensing line 26 is as
follows. The first temperature sensing cable 30a extends
between the DTS unit 28 and the first test cable 50a.
More specifically, the firsttemperature sensing cable 30a
is optically coupled at a first end 64 thereof to the first
connector 32a of the DTS unit 28, and at a second end
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thereof 66 to the first end 68 of the first test cable 50a
via a third connector 70. The first test cable 50a runs
between the first temperature sensing cable 30a and the
second temperature sensing cable 30b. The second end
72 of the first test cable 50a is optically coupled to the
firstend 74 of the second temperature sensing cable 30b
via a fourth connector 76. The second temperature sens-
ing cable 30b is laid out on, alongside, or otherwise in
close proximity to sections 80 and 82 of the pipeline 24
to be monitored for leakage. Pipe sections 80 and 82
may be two continuous sections of one pipe in the pipe-
line or may represent two pipe sections in two separate
pipes.

[0054] The second temperature sensing cable 30b is
disposed between the first test cable 50a and the second
test cable 50b. The second end 84 of the second tem-
perature sensing cable 30b is optically coupled to the
first end 86 of the second test cable 50b, via a fifth con-
nector 88. The second test cable 50b runs between the
second temperature sensing cable 30b and the third tem-
perature sensing cable 30c. The second end 90 of the
second test cable 50b is optically coupled to the first end
92 of the third temperature sensing cable 30c, via a sixth
connector 94. The third temperature sensing cable 30c
extends between the second test cable 50b and the DTS
unit 28. The third temperature sensing cable 30c is opti-
cally coupled at a second end 96 thereof to the second
connector 32b of the DTS unit 28.

[0055] The foregoing arrangement of temperature
sensing cables 30a, 30b and 30c, and testing cables 50a
and 50b is generally referred to as a loop configuration,
with either end of the sensing line 26 being connected to
the DTS unit 28. Thus arranged, the sensing line could
be configured for either single-ended or double-ended
interrogation.

[0056] Inotherembodiments, the temperature sensing
cables and test cables could be laid out differently along
a sensing line. For instance, in an alternative embodi-
ment, the temperature sensing cable 30c could be omit-
ted from the sensing line 26 and the sensing line 26 could
be connected to the DTS unit 28 at one end only. In such
applications, the sensing line would be configured for sin-
gle-ended interrogation only. In yet other embodiments,
the connectors could be replaced by fusion splices or
mechanical splices.

[0057] As shown in FIG. 1, the first testing station 58a
defined by the first test cable 50a and the first cooling
device 52a is located at or near the head of the sensing
loop or line 26. Similarly, the second testing station 58b
defined by the second test cable 50b and the second
cooling device 52b, is disposed at or near the end of the
sensing loop or line 26. The first and second testing sta-
tions 58a and 58b are arranged in non-leak monitoring
areas or zones located away from the pipe sections 80
and 82 being monitored, so as to avoid any confusion as
to whether an actual leakage event or a simulated leak-
age event is occurring.

[0058] Having a testing station at either end of the
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sensing line 26 tends to allow for the assessment of in-
tegrity along the full line. Additionally, as explained in
greater detail below, it may also allow for a higher fre-
quency of testing yielding the accumulation of more data
on the reliability of the DTS subsystem 20 deployed on
pipeline 24 in a shorter period of time. Of course, addi-
tional (i.e. more than two) testing stations may be de-
ployed along the sensing line. In such cases, additional
testing cables, cooling devices and connectors will be
required.

[0059] While it is generally preferred that there be at
least two testing stations deployed along the sensing line
26, this need not be the case in every application. In
certain applications, it may be desirable to have only one
testing station. In such cases, only a single testing cable
and a single cooling device may be required. The deploy-
ment of only a single testing station would likely require
the DTS system to have fewer connectors and fewer tem-
perature sensing cables. In such embodiments, where
only a single testing station is provided, it is preferable
to place the testing station at the end of the sensing line
or sensing loop in order to verify the functionality of the
entire sensing line.

[0060] The DTS unit 28 is connected for data commu-
nication (e.g. wired or wireless communication) with a
relay device 104 which is designed to trigger an alarm
condition ifthe DTS unit 28 detects a drop in temperature
at a location along the sensing line 26. Depending on
where along the sensing line 26 the drop in temperature
occurs and is detected, the alarm condition signifies the
occurrence of an actual leakage event or a simulated
leakage event.

[0061] The relay device 104 could include multiple re-
lays that could be assigned to different "zones" or sec-
tions of the sensing line 26. Preferably, one relay would
be assigned to each of the testing stations 58a and 58b
(i.e. non-leak monitoring zones) and another relay would
be assigned to pipe sections 80 and 82 (i.e. leak moni-
toring zones). The DTS unit 28 would be configured to
output a signal to the relay device 104 which would ac-
tuate the appropriate relay.

[0062] Therelaydevice 104 isitself configured for com-
munication (e.g. wired or wireless communication) with
the controller 54 of the automated testing system 22 and
a plant or facility controller 106 which controls the flow
of fluid through the pipeline 24. If the DTS unit 28 senses
adrop in temperature at either of the testing stations 58a
and 58b, the relay device 104 is designed to trigger an
alarm condition (signifying the occurrence of a simulated
leakage event) and communicate such alarm condition
to the controller 54. If the DTS unit 28 senses a drop in
temperature along a pipe section being monitored, the
relay device 104 is designed to trigger an alarm condition
(signifying the occurrence of an actual leakage event)
and communicate such alarm condition to the plant con-
troller 106. The controller 54 is also configured for com-
munication (e.g. wired or wireless communication) with
the plant controller 106 to allow the plant controller 106
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to receive a signal from the controller 54 indicative that
a cooling sequence has been initiating.

[0063] Other configurations for the deployment of a
DTS system and an automated testing system are pos-
sible. In the embodiment described above and shown in
FIG. 1,the DTS subsystem 20 employs a single DTS unit
28 and the automated testing system 22 has two testing
stations 58a and 58b; all of which are deployed along a
single sensing line 26. This need not be the case in every
application. For instance, for additional safety, it may de-
sirable to create some redundancy with a second sensing
line. An example of an embodiment having two overlap-
ping sensing lines is shown in FIG. 3. In this embodiment,
the DTS system designated generally with reference nu-
meral 110 includes a first DTS subsystem 112, a second
DTS subsystem 114, a first automated testing system
116 associated with the first DTS subsystem 112 and a
second automated testing system 118 associated with
the second DTS subsystem 114.

[0064] The first DTS subsystem 112 includes a DTS
unit 120 and a plurality of temperature sensing cables
(generically identified with reference numeral 122) opti-
cally coupled to the DTS unit 120. The second subsystem
114 includes a DTS unit 124 and a plurality of tempera-
ture sensing cables (generically identified with reference
numeral 126) optically coupled to the DTS unit 124. The
DTS units 120 and 124 are similar in all material respects
to the DTS unit 28 described above. Similar the temper-
atures sensing cables 122 and 126 are similar in all ma-
terial respects to the temperature sensing cables 30.
[0065] The first automated testing system designated
generally with reference numeral 116 includes a plurality
of test temperature sensing cables (generically identified
with reference numeral 130), a pair of cooling devices
132a and 132b for cooling sections of the test cables 130
and a controller 134 for actuating the cooling devices
132a and 132b. The second automated testing system
designated generally with reference numeral 118 also
includes a plurality of test temperature sensing cables
(generically identified with reference numeral 136), a pair
of cooling devices 138a and 182b for cooling sections of
the test cables 136. The controller 134 also forms part
of the second automated testing system 118. It is con-
figured to actuate the cooling devices 138a and 138b. In
other embodiments it is conceivable that one controller
could be provided for each pair of cooling devices.
[0066] The test cables 130 and 136 are similar in all
material respects to the temperature sensing cables 30
described above. The cooling devices 132a, 132b, 138a
and 138b are generally similar to the cooling devices 52a
and 52b. The controller 134 is generally similar to the
controller 54.

[0067] In this embodiment, a first sensing line 150 is
defined by the temperature sensing cables 122 and the
test cables 130. The DTS unit 120, the temperature sens-
ing cables 122, the test cables 130, the cooling devices
132a and 132b and the controller 134 are all deployed
along pipe sections 152 and 154 in a manner similar to
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the deployment of corresponding elements along the
pipe sections 80 and 82 shown in FIG. 1. There are also
two testing stations 156 and 158 (similar to testing sta-
tions 58a and 58b) provided along the first sensing line
150.

[0068] Similarly, a second sensing line 160 is defined
by the temperature sensing cables 126 and the test ca-
bles 136. The DTS unit 124, the temperature sensing
cables 126, the test cables 136, the cooling devices 138a
and 138b and the controller 134 are all deployed along
pipe sections 152 and 154 in a manner generally similar
to the deployment of corresponding elements 120, 122,
130, 132a, 132b and 134, except that the former ele-
ments are laid outin a mirror image arrangement relative
to the latter elements. In other embodiments, the ele-
ments 124, 126, 136, 138a, 138b and 134 could be ori-
ented similar to the elements 120, 122, 130, 132a, 132b
and 134. As is the case for the first sensing line 150, two
testing stations 162 and 164 (similar to testing stations
58a and 58b) are provided along the second sensing line
160.

[0069] The DTS unit 120 is connected for data com-
munication (e.g. wired or wireless communication) to a
relay device 140. Similarly, the DTS unit 124 is connected
for data communication (e.g. wired or wireless commu-
nication) to a relay device 142. The relay devices 140
and 142 are generally similar to the relay device 104 de-
scribed above. In this embodiment, the relay device 140
is designed to trigger an alarm condition if the DTS unit
120 detects a drop in temperature at a location along the
first sensing line 150. In like fashion, the relay device 142
is designed to trigger an alarm condition if the DTS unit
124 detects a drop in temperature at a location along the
second sensing line 160. In each case, depending on
where along the sensing line 150 or the sensing line 160
the drop in temperature occurs and is detected, the alarm
condition signifies the occurrence of an actual leakage
event or a simulated leakage event.

[0070] The relay devices 140 and 142 are configured
for communication (e.g. wired or wireless communica-
tion) with the controller 134 and a plant controller 170.
[0071] Ifthe DTS unit120senses adropintemperature
at either of the testing stations 156 and 158, it outputs a
signal to one of the relays of the relay device 140 as-
signed to the non-leak monitoring zone. The relay device
140 triggers an alarm condition (signifying the occurrence
of asimulated leakage event). Ifthe DTS unit 120 senses
a drop in temperature along the pipe section 152, 154
being monitored on the first sensing line 150, it outputs
a signal to one of the relays of the relay device 140 as-
signed to the leak monitoring zone. The relay device 140
triggers an alarm condition (signifying the occurrence of
an actual leakage event) and communicates such alarm
condition to the plant controller 170.

[0072] Similarly, if the DTS unit 124 senses a drop in
temperature at either of the testing stations 162 and 164,
it outputs a signal to one of the relays of the relay device
142 assigned to the non-leak monitoring zone. The relay
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device 142 triggers an alarm condition (signifying the oc-
currence of a simulated leakage event). If the DTS unit
124 senses a drop in temperature along the pipe section
152, 154 being monitored on the second sensing line
160, it outputs a signal to one of the relays of the relay
device 142 assigned to the leak monitoring zone. The
relay device 142 triggers an alarm condition (signifying
the occurrence of an actual leakage event) and commu-
nicates such alarm condition to the plant controller 170.
[0073] The controller 134 is also configured for com-
munication (e.g. wired or wireless communication) with
the plant controller 170 to allow the plant controller 170
to receive a signal from the controller 134 indicative that
a cooling sequence has been initiating.

[0074] While the embodiment illustrated in FIG. 3 is
configured with two overlapping sensing lines, it will be
appreciated that in certain applications additional (i.e.
more than two) sensing lines could be deployed for in-
creased system redundancy. In such cases, a 2003 vot-
ing system could be implemented.

[0075] With reference to FIGS. 4A and 4B, an exem-
plary method for testing the efficacy and reliability of the
DTS subsystem 20 deployed along the pipeline 24 in
accordance with an embodiment of the presentinvention,
is now described. At step 180, the DTS unit 28 is actuated
and the light source 34 periodically emits pulses of light
into the sensing line 26 (depicted with solid line arrows
AinFIG. 2). At step 182, at a predetermined time interval
(or, in some embodiments, at a random time interval),
the controller 54 actuates the cooling device 52a (or the
cooling device 52b, as the case may be) and records the
start time for the actuation of the cooling device storing
this data in memory 62. Alternatively, if the controller 54
is provided with a timer, the timer is initiated. At step 184,
the actuation of the cooling device 52a (or the cooling
device 52b) causes the temperature of the test cable 50a
(or the test cable 50b) to drop. The temperature drop in
the test cable mimics the temperature effect which would
otherwise be produced by exposure to the gas leaking
from the pipeline 24. If the first testing station 58a (or the
second testing station 58b) is provided with a tempera-
ture sensor, the actual temperature of the test cable 50a
(ortest cable 50b) may be recorded and stored in memory
62, as well.

[0076] Atstep 186, the receiver 36 receives backscat-
tered light signals (depicted with dashed line arrows B in
FIG. 2) associated with locations along the sensing line
26 and the microprocessor 38 processes these signals
to determine the temperature values associated with
such locations. In this embodiment, the sensing locations
are determined using ODTR techniques (Optical Time
Domain Reflectometry). In alternative embodiments, oth-
er suitable techniques may be employed, for example,
Optical Frequency Domain Reflectrometry (OFDR) tech-
niques. Additionally, while in this embodiment, Raman
backscattered light signals are used to determine tem-
perature atany location along the sensing line 26, in other
embodiments, other light scatterings could be used for
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temperature measurement along the sensing line, for in-
stance, Brillouin scattering or Rayleigh scattering.
[0077] At step 188, the DTS unit 28 monitors whether
there has been a temperature drop at any location along
the sensing line 26. If the DTS unit 28 detects a temper-
ature drop at a location along the sensing line 26, the
DTS unit 28 determines whether the temperature drop
occurred at a location along the pipe sections 80 and 82
being monitored by the DTS system or whether it oc-
curred at a location corresponding to the first testing sta-
tion 58a (or the second testing station 58b), at step 190.
If the DTS unit 28 determines that the temperature drop
occurred at a location along the pipe sections 80 and 82,
an actual leakage event has occurred and the DTS unit
28 outputs a signal to one of the relays of the relay device
104 assigned to the leak monitoring zone. An alarm con-
dition is triggered by relay device 104 and is communi-
cated to the plant controller 106, at step 192. Once noti-
fied of the actual leakage event, the plant controller 106
may initiate such remedial action(s) as required.

[0078] If, at step 190, the DTS unit 28 detects that the
temperature drop occurred at a location along the sens-
ing line 26 corresponding to the first testing station 58a
(or the second testing station 58b), a simulated leakage
event has occurred and the DTS unit 28 outputs a signal
to one of the relays of the relay device 104 assigned to
the non-leak monitoring zone. The alarm condition is trig-
gered by relay device 104 and is communicated to the
controller 54, at step 194. At step 196, the controller 54
records the time at which the alarm condition was trig-
gered and calculates the reaction time of the DTS sub-
system 20. This data is then stored in memory 62. Alter-
natively, if the controller 54 is provided with a timer, the
timer is stopped and the reaction time of the DTS sub-
system 20 is recorded and stored in memory 62.

[0079] If, at step 188, the DTS unit 28 fails to detect
the temperature drop occurring at a location along the
sensing line 26 corresponding to the first testing station
58a (or the second testing station 58b) within a prede-
termined time period, the controller 54 records a timeout
failure for the DTS subsystem 20 and stores this data in
memory 62, at step 198. The timeout failure is indicative
of a malfunction in the DTS subsystem 20. In this em-
bodiment, the time period is set at 120 seconds. In other
embodiments, a different time period could be selected.
[0080] At step 200, the controller 54 triggers an alarm
condition indicative of the occurrence of a malfunction in
the DTS subsystem 20 and notifies the plant controller
106 of same. Once notified, the plant controller 106 may
initiate such remedial action(s) as required.

[0081] After either step 196 or step 200, the controller
54 de-energizes the cooling device 52a (or the cooling
device 52b) and the temperature of the test cable 50a
(or test cable 50b) is permitted to return to its original
(normal) temperature, at step 202. Thereafter, steps 180
to 202 may be repeated after the passage of a predeter-
mined (or random) time interval, at step 204.

[0082] In certain embodiments, the performance of
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steps 180 to 202 entailing the actuation of the first cooling
device 52a and the cooling of the first test cable 50a could
be alternated with the performance of steps 180 to 202
entailing the actuation of the second cooling device 52b
and the cooling of the first test cable 50b. For instance,
in one embodiment, the controller 54 could be configured
to actuate the first cooling device 52a every even hour,
and the second cooling device 52b every odd hour. In
such an embodiment, atthe even hours, the performance
of steps 180 to 202 would include the actuation of the
first cooling device 52a and the cooling of the first test
cable 50a, while at the odd hours the performance of
steps 180 to 202 would include the actuation of the sec-
ond cooling device 52b and the cooling of the first test
cable 50b.

[0083] In other embodiments, the automated testing
method could include additional steps or could omit cer-
tain steps. In still other embodiments, the sequence or
order of the steps performed in the method could be al-
tered.

[0084] With appropriate modifications, the exemplary
method described above could be implemented with the
DTS system 110 shown in FIG. 3.

[0085] The data recorded by the controller 54 and
stored in memory 62 can be analyzed statistically to iden-
tify a maximum response time or an average response
time for the DTS subsystem 20 with the standard devia-
tion associated with same. Moreover, the data could be
analyzed to provide an estimate of probability of failure
on demand (PFD), by counting the number of times the
DTS subsystem 20 has succeeded or failed to generate
an alarm signal when then the cooling sequence was
initiated. The results of such analyses could be displayed
in realtime on a user interface. Such user interface could
be associated with the controller 54, the DTS unit 28 (e.g.
a monitor) or a handheld PDA. The results could also be
made available on a website and be used to generate
periodic reports on the efficacy and reliability of the DTS
subsystem 20.

[0086] As will be appreciated from the foregoing de-
scription, an automated testing system in accordance
with the principles of the present invention can be rela-
tively easily incorporated into a new or existing DTS sys-
tem deployed in the field. The automated testing system
is operable to monitor the reliability of the DTS system
continuously and autonomously without interrupting or
interfering with the operation of the DTS system. Advan-
tageously, the automated testing system can be used to
collect a potentially large amount of data in a relatively
short period of time, all with minimal human intervention,
thereby allowing for a significant operating history for the
DTS system to be generated.

[0087] In the embodiments shown in FIGS. 1 and 3,
the automated testing systems 22, 116 and 118 are spe-
cifically configured to simulate a leakage event in the
pipeline being monitored by mimicking the cooling tem-
perature effect which would otherwise result from gas
leaking from the pipeline. In particular, those automated
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testing systems include cooling devices for cooling the
test cables. It will be appreciated that with appropriate
modifications, the principles of the present invention
could be applied to similar advantage to monitoring the
efficacy and reliability of distributed temperature sensing
systems deployed on pipelines carrying liquids. In such
applications, the automated testing systems would be
adapted to simulate a leakage event in the pipeline being
monitored by mimicking the heating temperature effect
which would otherwise result from exposure to liquid
leaking from the pipeline. The configuration and arrange-
ment of the DTS systems shown in FIGS. 1 and 3 (or
other similar configurations and arrangements) could be
used in such applications, except that the cooling devices
included in the automated testing systems would have
to be replaced with heating devices.

[0088] FIG. 5 shows an exemplary DTS system des-
ignated generally with reference numeral 220 for deploy-
ment on a liquid-carrying pipeline 222, and in particular
pipe sections 224 and 226. The DTS system 220 is similar
to the DTS system 10 in that it too includes a DTS sub-
system 228 and an automated testing system 230. The
DTS subsystem 228 is similar in all material aspects to
the DTS subsystem 20. It has a DTS unit 232 and a plu-
rality of temperature sensing cables 234a, 234b and
234c; these elements are similar to their counterpart el-
ements in DTS subsystem 20.

[0089] The automated test system 230 includes a plu-
rality of test temperature sensing cables 236a and 236b
(similar to test cables 50a and 50b), a pair of first and
second heating devices 238a and 238b for heating sec-
tions of the test cables 236a and 236b, and a controller
240 (generally similar to controller 54) for actuating the
heating devices 238a and 238b. The controller 240 in-
cludes memory 242 and a microprocessor 244.

[0090] Preferably, the heating devices 238a and 238b
are thermoelectric heating devices (also known as Peltier
heaters) and operable to heat test cables to have tem-
perature profiles similar to that which would be produced
if the test cables were exposed to a liquid leak. In alter-
native embodiments, the heating devices could take the
form of gas or liquid-based heating devices, burners, or
electrical resistance heaters.

[0091] The first heating device 238a and the first test
cable 236a cooperatively define a first testing station
246a. Similarly, the second heating device 238b and the
second test cable 236b cooperatively define a second
testing station 246b. In this embodiment, a sensing line
248 is defined by the first temperature sensing cable
234a, the first test cable 236a, the second temperature
sensing cable 234b, the second test cable 238b and the
third temperature sensing cable 234c; all optically cou-
pled to each other using connectors. The layout of sens-
ing line 248 is generally similar to that of the sensing line
26.

[0092] The DTS unit 232 is connected for data com-
munication (e.g. wired or wireless communication) with
a relay device 250 which is designed to trigger an alarm
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condition ifthe DTS unit 232 detects arise in temperature
at a location along the sensing line 248. Depending on
where along the sensing line 248 the rise in temperature
occurs and is detected, the alarm condition signifies the
occurrence of an actual leakage event or a simulated
leakage event.

[0093] Therelaydevice 250isitself configured for com-
munication (e.g. wired or wireless communication) with
the controller 240 of the automated testing system 220
and a plant or facility controller 252 which controls the
flow of fluid through the pipeline 222. If the DTS unit 232
senses a rise in temperature at either of the testing sta-
tions 246a and 246b, the relay device 250 is designed
to trigger an alarm condition (signifying the occurrence
of a simulated leakage event) and notify the controller
240 of such alarm condition. If the DTS unit 232 senses
a rise in temperature along a pipe section being moni-
tored, the relay device 250 is designed to trigger an alarm
condition (signifying the occurrence of an actual leakage
event) and notify the plant controller 252 of such alarm
condition. The controller 240 is also configured for com-
munication (e.g. wired or wireless communication) with
the plant controller 252.

[0094] Itshould be appreciated thata DTS system sim-
ilar to that shown in FIG. 3 could also be configured for
a liquid-carrying pipeline. Moreover, while the exemplary
deployment depicted in FIG. 5 is made on a liquid-carry-
ing pipeline, it should be appreciated thatthe DTS system
described is not limited to deployment solely on liquid-
carrying pipelines. The DTS system shown in FIG. 5
could be deployed on any structure for the purposes of
detecting leaks or infiltration of liquids, for example,
dams, levees, reservoirs, pools, storage tanks, basins,
ship hulls, tunnels and mine shafts. The system could
also be used for fire detection in tunnels, buildings and
other similar applications. Moreover, the system could
also be employed to detect hot-spots in power cables
(e.g. submarine power cables or underground power ca-
bles).

[0095] The method for testing the efficacy and reliabil-
ity of the DTS system 220 deployed along the liquid-car-
rying pipeline 222 is generally similar to the method de-
scribed above with reference to FIGS. 4A and 4B in re-
spect of gas-carrying pipeline 24, except, inter alia, the
test cables are heated (instead of cooled) and the auto-
mated testing system 230 is configured to detect whether
there has been a rise in temperature (instead of a drop
in temperature) at any location along the sensing line
248. A detailed description of an exemplary method for
use in connection with the DTS system 220 now follows
with reference to FIGS. 6A and 6B.

[0096] At step 260, the DTS unit 232 is actuated and
the light source of the DTS unit 232 periodically emits
pulses of light into the sensing line 248. At step 262, at
a predetermined time interval (or, in some embodiments,
at a random time interval), the controller 240 actuates
the heating device 238a (or the heating device 238b, as
the case may be) and records the start time for the ac-

10

15

20

25

30

35

40

45

50

55

1"

tuation of the heating device storing this data in memory
242 of the controller 240. Alternatively, if the controller
240 is provided with a timer, the timer is initiated. At step
264, the actuation of heating device 238a (or the heating
device 238b) causes the temperature of the test cable
236a (or the test cable 236b) to rise. The rise in temper-
ature in the test cable mimics the heating temperature
effect which would otherwise be produced by exposure
to liquid leaking from the pipeline 222. If the first testing
station 246a (or the second testing station 246b) is pro-
vided with a temperature sensor, the actual temperature
of the test cable 236a (or test cable 236b) may be re-
corded and stored in the memory of the controller 240,
as well.

[0097] At step 266, the receiver of the DTS unit 232
receives backscattered light signals associated with lo-
cations along the sensing line 248 and the microproces-
sor of the DTS unit processes these signals to determine
the temperature values associated with such locations.
Inthis embodiment, the sensing locations are determined
using ODTR techniques (Optical Time Domain Reflec-
tometry). In alternative embodiments, other suitable
techniqgues may be employed. In alternative embodi-
ments, other suitable techniques may be employed, for
example, Optical Frequency Domain Reflectrometry
(OFDR) techniques. Additionally, while in this embodi-
ment, Raman backscattered light signals are used to de-
termine temperature at any location along the sensing
line 26, in other embodiments, other light scatterings
could be used for temperature measurement along the
sensing line, for instance, Brillouin scattering or Rayleigh
scattering.

[0098] Atstep 268, the DTS unit 232 monitors whether
there has been arise in temperature at any location along
the sensing line 248. If the DTS unit 232 detects a rise
in temperature at a location along the sensing line 248,
the DTS unit 232 determines whether the rise in temper-
ature occurred at a location along the pipe sections 224
and 226 being monitored by the DTS system or whether
it occurred at a location corresponding to the first testing
station 246a (or the second testing station 246b), at step
270. If the DTS unit 232 determines that the rise in tem-
perature occurred at a location along the pipe sections
224 and 226, an actual leakage event has occurred and
the DTS unit 232 outputs a signal to one of the relays of
the relay device 250 assigned to the leak monitoring
zone. The alarm condition is triggered by relay device
250 and is the plant controller 252 is notified, at step 272.
Once notified of the actual leakage event, the plant con-
troller 252 may initiate such remedial action(s) as re-
quired.

[0099] If, atstep 270, the DTS unit 232 detects that the
rise in temperature occurred at a location along the sens-
ing line 248 corresponding to the first testing station 246a
(or the second testing station 246b), a simulated leakage
event has occurred and the DTS unit 232 outputs a signal
to one of the relays of the relay device 250 assigned to
the non-leak monitoring zone. The alarm condition is trig-
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gered by relay device 250 and the controller 240 is noti-
fied, at step 274. At step 276, the controller 240 records
the time at which the alarm condition was triggered and
calculates the reaction time of the DTS subsystem 20.
This data is then stored in the memory 242 of the con-
troller 240. Alternatively, if the controller 240 is provided
with a timer, the timer is stopped and the reaction time
of the DTS subsystem 228 is recorded and stored in the
memory of the controller.

[0100] If, at step 268, the DTS unit 232 fails to detect
the rise in temperature occurring at a location along the
sensing line 244 corresponding to the first testing station
242a (or the second testing station 242b) within a pre-
determined time period, the controller 240 records atime-
out failure for the DTS subsystem 228 and stores this
data in the memory of the controller 240, at step 278.
The timeout failure is indicative of a malfunction in the
DTS subsystem 228. In this embodiment, the time period
is set at 120 seconds. In other embodiments, a different
time period could be selected.

[0101] Atstep 280, the controller 240 triggers an alarm
condition indicative of the occurrence of a malfunction in
the DTS subsystem 228 and notifies the plant controller
252 of same. Once notified, the plant controller 252 may
initiate such remedial action(s) as required.

[0102] After either step 276 or step 280, the controller
240 de-energizes the heating device 238a (or the heating
device 238b) and the temperature of the test cable 236a
(or test cable 236b) is permitted to return to its original
(normal) temperature, at step 282. Thereafter, steps 260
to 282 may be repeated after the passage of a predeter-
mined (or random) time interval, at step 284.

[0103] In certain embodiments, the performance of
steps 260 to 282 entailing the actuation of the heating
device 238a and the heating of the first test cable 236a
could be alternated with the performance of steps 260 to
282 entailing the actuation of the heating device 238b
and the heating of the second test cable 236b.

[0104] In other embodiments, the automated testing
method could include additional steps or could omit cer-
tain steps. In still other embodiments, the sequence or
order of the steps performed in the method could be al-
tered.

[0105] Inthe embodiments described above, the prin-
ciples of the present invention were put into application
to test the efficacy of a distributed temperature sensing
system. In other embodiments, with appropriate modifi-
cations, the principles of the present invention could be
put to good advantage to test the efficacy of distributed
temperature and strain sensing (DTSS) systems based
on Brillouin scattering, Rayleigh scattering or still other
similar sensing parameters, relying on the fact that in
such DTSS systems, strain and temperature variations
produce equivalent changes in the backscattered light
signal. Two examples of such embodiments are de-
scribed below.

[0106] In certain embodiments, it may be possible to
adapt the automated system described above to test the
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DTSS system’s reliability in detecting changes in tem-
perature, by exposing test cables laid out along a sensing
line to tensional or compression strain. Because a
change in strain produces a backscattered light signal
equivalent to that of a change of temperature, the back-
scattered light signal associated with the change of strain
can be processed to obtain a temperature reading cor-
responding to that backscattered light signal. This tem-
perature reading would correspond to the hotter or cooler
temperature reading recorded by the DTSS systemalong
a section of temperature sensing cable exposed to liquid
or gas leaking from the pipeline being monitored. A setup
similar to that shown in FIGS. 1 and 5 could be employed
to put the foregoing embodiment into effect, except that
the cooling devices or heating devices of the automated
testing system would replaced with devices capable of
inducing tensional or compression strain on the test ca-
ble(s).

[0107] The method for operating such an automated
testing system would include steps generally similar to
steps 180 to 202 set out in FIGS. 4A and 4B, except for
the modifications set out below. In the method step cor-
responding to step 182, the controller would actuate one
or the other of the strain-inducing devices and would
record the start time for actuation of the strain-inducing
device. In the method step corresponding to step 184,
one or other of the test cables would be exposed to a
change in tensional or compression strain. In the method
step corresponding to step 186, the backscattered light
signal associated with the test cable exposed to a change
in strain would be processed to obtain a corresponding
temperature reading. Thereafter, steps corresponding to
steps 188 to 204 would be carried out, except that in the
step corresponding to step 202, the strain-inducing de-
vice would be de-energized and the test cable would be
permitted revert to its original state.

[0108] In other embodiments, it may be possible to
adapt the automated system described above to test the
DTSS system’s reliability in detecting changes in strain,
by heating or cooling the test cables laid out along a sens-
ing line. Because the change of temperature produces a
backscattered light signal equivalent to that a change of
strain, the backscattered light signal generated by a
change of temperature can be processed to obtain a
strain reading corresponding to that backscattered light
signal. This strain reading would correspond to a tension-
al or compression strain reading recorded by the DTSS
system along a section of sensing line exposed to strain.
A setup similar to that shown in FIGS. 1 and 5 could be
employed to put the foregoing embodiment into effect.
[0109] The method for operating such an automated
testing system would include steps generally similar to
steps 180 to 202 set out in FIGS. 4A and 4B, except for
the modifications set out below. In the method step cor-
responding to step 186, the backscattered light signal
associated with the cooled test cable would be processed
to obtain a corresponding strain reading. In the method
step corresponding to step 188, the controller would mon-
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itor whether any change of strain has been detected at
any location along the sensor line within a predetermined
time period. In the method step corresponding to step
190, the DTS unit would determine whether the change
of strain occurred at a location along the pipe sections
being monitored by the DTS system or whether it oc-
curred at a location corresponding to one or the other of
the testing stations. Thereafter, steps corresponding to
steps 192 to 204 would be carried out.

[0110] Of course, it may be possible to use the auto-
mated system described above to test the DTSS sys-
tem’s reliability in detecting changes in strain, by expos-
ing the testcableslaid outalong a sensingline to changes
in strain. In such cases, a setup similar to that shown in
FIGS. 1 and 5 could be employed to put the foregoing
embodiment into effect, except that the cooling devices
or heating devices of the automated testing system would
replaced with devices capable of inducing tensional or
compression strain on the test cable(s). In the method
step corresponding to step 188, the controller would mon-
itor whether any change of strain has been detected at
any location along the sensor line within a predetermined
time period. In the method step corresponding to step
190, the DTS unit would determine whether the change
of strain occurred at a location along the pipe sections
being monitored by the DTS system or whether it oc-
curred at a location corresponding to one or the other of
the testing stations. Thereafter, steps corresponding to
steps 192 to 204 would be carried out, except that in the
step corresponding to step 202, the strain-inducing de-
vice would be de-energized and the test cable would be
permitted revert to its original state.

[0111] It will thus be appreciated that the principles of
the present invention can be used to test the efficacy of
adistributed sensing system capable of detecting chang-
es in temperature or strain along a sensing line.

Claims

1. Akit for a distributed sensing system (10; 110) com-
prising:

at least one fibre optic sensing cable (30a, 30b,
30c; 122, 126) for laying out on or along a struc-
ture to be monitored;

adistributed sensing unit(28; 120, 124) for sens-
ing along a sensing line (26; 150, 160) at least
one physical parameter associated with the
sensing line at a location thereof; the at least
one physical parameter being selected from the
group consisting of: (a) temperature; (b) strain;
and (c) temperature and strain; the distributed
sensing unit being optically couplable to the at
least one sensing cable;

at least one fibre optic test cable (50a, 50b; 130,
136) optically couplable to the atleast one sens-
ing cable to form the sensing line;

10

15

20

25

30

35

40

45

50

55

13

atleastone device (52a, 52b; 132a, 132b, 138a,
138b) arrangeable relative to the at least one
test cable to induce a first change in the at least
one physical parameter associated with the at
least one test cable; the first change being de-
tectable by the distributed sensing unit;

a controller (54; 134) for actuating the at least
one change-inducing device at predetermined
times or time intervals or at random time inter-
vals, to thereby automatically test the efficacy
and reliability of the distributed sensing unit; and
arelay (104; 140, 142) configurable for commu-
nication with the distributed sensing unitand the
controller; the relay being operable to:

(i) trigger a first testing-event alarm condi-
tion in response to a signal received from
the distributed sensing unit (28; 120, 124)
indicative of an occurrence of a simulated
sensing event if the first change is detected;
and

(ii) trigger a sensing-event alarm condition
in response to a signal received from the
distributed sensing unit (28; 120, 124) indic-
ative of an occurrence of a sensing event
at a location along the structure being mon-
itored if a second change is detected by the
distributed sensing unit (28; 120, 124), the
second change including a change in the at
least one physical parameter associated
with the at least one sensing cable (30a,
30b, 30c; 122, 126),

wherein the controller (54; 134) is operable to
monitor a response of the distributed sensing
unit (28; 120, 124) to the change in the at least
one physical parameter associated with the at
least one test cable (50a, 50b; 130, 136) and to
trigger a second testing-event alarm condition
indicative of an occurrence of a malfunction in
the distributed sensing system (28; 120, 124) if
no change has been detected within a predeter-
mined time period, and

wherein the controller (54; 134) includes a timer
to measure the time elapsed between the oc-
currence of the change in the at least one phys-
ical parameter associated with the at least one
test cable and the detection thereof by the dis-
tributed sensing unit, and the controller (54; 134)
is configured to store the time measured by the
timer in a memory (62).

The kit for a distributed sensing system of claim 1
wherein the atleast one physical parameter includes
temperature.

The kit for a distributed sensing system of claim 2
wherein the at least one change-inducing device
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(52a, 52b; 132a, 132b, 138a, 138b) is selected from
the group consisting of: (a) a cooling device; (b) a
heating device; and (c) a strain-inducing device.

The kit for a distributed sensing system of claim 2
wherein the at least one change-inducing device
(52a, 52b; 132a, 132b, 138a, 138b) is a temperature
change-inducing device, the at least one tempera-
ture change-inducing device is adapted to be dis-
posed in heat exchange relation with the at least one
test cable (50a, 50b; 130, 136), and the at least one
test cable is adapted to cooperate with the at least
one temperature change-inducing device to define
at least one testing station (58a, 58b; 156, 158, 162,
164); the at least one testing station being disposed
along the sensing line at a location away from the
structure to be monitored.

The kit for a distributed sensing system of claim 4
wherein:

the at least one test cable (50a, 50b; 130, 136)
includes first and second test cables;

the at least one temperature change-inducing
device (52a, 52b; 132a, 132b, 138a, 138b) in-
cludes first and second temperature change-in-
ducing devices;

the first temperature change-inducing device
(52a; 132a; 132b) being adapted to be disposed
in heat exchange relation with the first test cable
(50a; 130);

the second temperature change-inducing de-
vice (52b; 138a, 138b) being adapted to be dis-
posed in heat exchange relation with the second
test cable (50b; 136);

the at least one testing station (58a, 58b; 156,
158, 162, 164) includes first and second testing
stations; the first testing station (58a; 156, 162)
being defined by the first test cable in coopera-
tion with the first temperature change-inducing
device; the second testing station (58b; 158,
164) being defined by the second test cable in
cooperation with the second temperature
change-inducing device;

the first and second testing stations being dis-
posed along the sensing line at different loca-
tions.

6. The kit for a distributed sensing system of claim 4

wherein:

the at least one temperature change-inducing
device is a single temperature change-inducing
device;

the at least one test cable includes a first test
cable and a second test cable; and

the at least one testing station includes first and
second testing stations; the first testing station
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being defined by the first test cable in coopera-
tion with the single temperature change-induc-
ing device; the second testing station being de-
fined by the second test cable in cooperation
with the single temperature change-inducing de-
vice.

The kit for a distributed sensing system of claim 1
wherein a length of the at least one test cable (50a,
50b; 130, 136) is supported on a spool (56a, 56b),
andthelength of the atleast one test cable supported
on the spool is matched to the spatial resolution of
the distributed sensing unit.

The kit for a distributed sensing system of claim 1
wherein the sensing line (26; 160) has a loop con-
figuration.

The kit for a distributed sensing system of claim 8
wherein:

the at least one sensing cable (30a, 30b, 30c)
includes first, second and third sensing cables;
the at least one test cable (50a, 50b) includes
first and second test cables;

the first sensing cable (30a) being adapted to
be disposed between the distributed sensing
unit (28) and the first test cable (50a); the second
sensing cable (30b) being adapted to be dis-
posed between the first test cable (50a) and the
second test cable (50b); the third sensing cable
(30c) being adapted to be disposed between the
second test cable (50b) and the distributed sens-
ing unit (28); and

the sensing line (26) is configurable for one of
single-ended interrogation and double-ended
interrogation.

10. The kit for a distributed sensing system of claim 1

1.

wherein the sensing line (150) has a first end and a
second end; and only the first end of the sensing line
is connected to the distributed sensing unit (120,
124).

The kit for a distributed sensing system of claim 1
wherein:

the distributed sensing unit (28; 120, 124) is op-
erable to:

(a) emit pulses of light for transmission
through the sensing line;

(b) receive light signals from the sensing
line; and

(c) derive from the light signals received the
at least one physical parameter associated
with the sensing line at a location thereof;
and
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the light signals received are light signals select-
ed from the group consisting of: (a) Raman scat-
tered light signals; (b) Brillouin scattered light
signals; and (c) Rayleigh scattered light signals.

12. The kit for a distributed sensing system of claim 1
wherein:

the at least one physical parameter is tempera-
ture; and

the distributed sensing system further includes
at least one temperature sensor for measuring
the temperature of the at least one test cable;
the temperature sensor being configured for
communication with the controller.

13. The kit for a distributed sensing system of claim 1
wherein:

the at least one test cable (50a, 50b; 130, 136)
includes first and second test cables;

the at least one change-inducing device (52a,
52b; 132a, 132b, 138a, 138b) includes first and
second cooling devices; and

the controller (54; 134) is operable to actuate
the first cooling device to cool the first test cable
to a first predetermined temperature range and
the second cooling device to cool the second
test cable to a second predetermined tempera-
ture range,

wherein the first predetermined temperature
rangeis the same as or different than the second
predetermined temperature range.

14. The kit for a distributed sensing system of claim 1
wherein:

the at least one test cable (50a, 50b; 130, 136)
includes first and second test cables;

the at least one change-inducing device (52a,
52b; 132a, 132b, 138a, 138b) includes first and
second temperature change-inducing devices;
and

the controller (54; 134) is operable to actuate
the first and second temperature change-induc-
ing devices contemporaneously, or atafirsttime
interval and at a second time interval, respec-
tively, wherein the first time interval and the sec-
ond time interval are the same or are staggered
from each other.

15. An automated method for testing the reliability and
the efficacy of adistributed sensing system deployed
on a structure to be monitored, the method compris-
ing the steps of:

(a) emitting from a distributed sensing unit puls-
es of light through a sensing line formed by at
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least one fibre optic sensing cable laid out on or
along a structure to be monitored and at least
one fibre optic test cable optically coupled to the
at least one sensing cable;

(b) actuating, at predetermined times or time in-
tervals or at random time intervals, at least one
device arranged relative to the at least one test
cable so as to induce a change in the at least
one physical parameter associated with the at
least one test cable; the at least one physical
parameter associated with the at least one test
cable being selected from the group consisting
of: (i) temperature; (ii) strain; and (iii) tempera-
ture and strain;

(c) receiving, at the distributed sensing unit,
backscattered light signals associated with lo-
cations along the sensing line;

(d) deriving from the light signals received the
at least one physical parameter associated with
locations along the sensing line;

(e) determining whether a change in the at least
one physical parameter associated with the sen-
sor line at a location thereof has been detected
by the distributed sensing unit within a predeter-
mined time period;

(f) triggering an alarm condition indicative of the
occurrence of a malfunction in the distributed
sensing system, if no change has been detected
within the predetermined time period;

(g) if a change has been detected within the pre-
determined time period, determining whether
the change detected is associated with the at
least one test cable;

(h) calculating the reaction time of the distributed
sensing system, if the change detected is asso-
ciated with the atleastone test cable, and storing
the reaction time;

(i) triggering an alarm condition indicative of the
occurrence ofa sensing eventatalocation along
the structure being monitored, if the change de-
tected is associated with the atleast one sensing
cable; and

(j) triggering an alarm condition indicative of the
occurrence of a simulated sensing event, if the
change detected is associated with the at least
one test cable.

16. The method of claim 15 further comprising, following
the performance of the calculating step, the step of
de-energizing the at least one change-inducing de-
vice toreverse the change in the at least one physical
parameter associated with the atleastone test cable.

17. The method of claim 16 further comprising, following
the performance of the de-energizing step, the step

of repeating step (a) through step (i).

18. The method of claim 15, wherein:
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the at least one change-inducing device in-
cludes a first temperature change-inducing de-
vice and a second temperature change-inducing
device; and

the actuating step includes actuating the first
temperature change-inducing device and the
second temperature change-inducing device si-
multaneously, or at staggered time intervals.

The method of claim 15, further including, following
the actuating step, the step of cooling the at least
one test cable using at least one cooling device in-
cluded in the at least one change-inducing device,
or the step of heating the at least one test cable using
at least one heating device included in the at least
one change-inducing device, or the step of inducing
strain in the at least one test cable using at least one
strain-inducing device included in the at least one
change-inducing device.

The method of claim 15 wherein the light signals re-
ceived at the distributed sensing unit are light signals
selected from the group consisting of: (i) Raman
scattered lightsignals; (ii) Brillouin scattered light sig-
nals; and (iii) Rayleigh scattered light signals.

Patentanspriiche

1.

Satz fir ein verteiltes Abtastsystem (10; 110), um-
fassend:

wenigstens ein faseroptisches Abtastkabel
(30a, 30b, 30c; 122, 126) zum Auslegen aufoder
entlang einer zu tberwachenden Struktur;
eine verteilte Abtasteinheit (28; 120, 124) zum
Abtasten entlang einer Abtastleitung (26; 150,
160) von wenigstens einem physikalischen Pa-
rameter, der der Abtastleitung zugehorig ist, an
einer Position davon;

wobei der wenigstens eine physikalische Para-
meter aus der Gruppe ausgewahlt ist bestehend
aus: (a) Temperatur; (b) Dehnung; und (c) Tem-
peratur und Dehnung; wobei die verteilte Ab-
tasteinheit an das wenigstens eine Abtastkabel
optisch koppelbar ist;

wobei wenigstens ein faseroptisches Testkabel
(50a, 50b; 130, 136) an das wenigstens eine
Abtastkabel optisch koppelbar ist, um die Ab-
tastleitung zu bilden;

wobei wenigstens eine Vorrichtung (52a, 52b;
132a, 132b, 138a, 138b) relativ zu dem wenigs-
tens einen Testkabel anordenbar ist, um eine
erste Anderung des wenigstens einen physika-
lischen Parameters, der dem wenigstens einen
Testkabel zugehorig ist, herbeizufiihren; wobei
die erste Anderung durch die verteilte Abtastein-
heit erfassbar ist;
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eine Steuerung (54; 134) zum Betatigen der we-
nigstens einen eine Anderung herbeifiihrenden
Vorrichtung zu vorgegebenen Zeiten oder Zei-
tintervallen oder beliebigen Zeitintervallen, um
dadurch automatisch die Wirksamkeit und Zu-
verlassigkeit der verteilten Abtasteinheit zu tes-
ten; und

ein Relais (104; 140, 142), das zur Kommunika-
tion mit der verteilten Abtasteinheit und der
Steuerung ausgestaltet werden kann, wobeidas
Relais betriebsbereit ist zum:

(i) Auslésen einer ersten Testereignis-
Alarmbedingung ansprechend auf ein von
der verteilten Abtasteinheit (28; 120, 124)
empfangenes Signal, das ein Auftreten ei-
nes simulierten Abtastereignisses anzeigt,
wenn die erste Anderung erfasst wird; und
(i) Ausldsen einer Abtastereignis-Alarmbe-
dingung ansprechend auf ein von der ver-
teilten Abtasteinheit (28; 120, 124) empfan-
genes Signal, das ein Auftreten eines Ab-
tastereignisses an einer Position entlang
der Gberwachten Struktur anzeigt, wenn ei-
ne zweite Anderung durch die verteilte Ab-
tasteinheit (28; 120, 124) erfasst wird, wo-
bei die zweite Anderung eine Anderung des
wenigstens einen physikalischen Parame-
ters, derdem wenigstens einen Abtastkabel
(30a, 30b, 30c; 122, 126) zugehorig ist, um-
fasst,

wobei die Steuerung (54; 134) dazu betriebsbereit
ist, eine Antwort der verteilten Abtasteinheit (28; 120,
124) auf die Anderung des wenigstens einen physi-
kalischen Parameters, der dem wenigstens einen
Testkabel (50a, 50b; 130, 136) zugehdrig ist, zu
Uberwachen und eine zweite Testereignis-Alarmbe-
dingung auszuldsen, die ein Auftreten einer Fehl-
funktion im verteilten Abtastsystem (28; 120, 124)
anzeigt, wenn keine Anderung innerhalb einer vor-
gegebenen Zeitspanne erfasst worden ist, und
wobei die Steuerung (54; 134) einen Zeitgeber um-
fasst, um die verstrichene Zeit zwischen dem Auf-
treten der Anderung des wenigstens einen physika-
lischen Parameters, der dem wenigstens einen Test-
kabel zugehdrig ist, und der Erfassung davon durch
die verteilte Abtasteinheit zu messen, und wobei die
Steuerung (54; 134) dazu ausgestaltet ist, die von
dem Zeitgeber gemessene Zeit in einem Speicher
(62) zu speichern.

Satz flr ein verteiltes Abtastsystem nach Anspruch
1, wobei der wenigstens eine physikalische Parame-
ter Temperatur umfasst.

Satz fur ein verteiltes Abtastsystem nach Anspruch
2, wobei die wenigstens eine eine Anderung herbei-
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fuhrende Vorrichtung (52a, 52b; 132a, 132b, 138a,
138b) aus der Gruppe ausgewahltistbestehend aus:
(a) einer Kiihlvorrichtung; (b) einer Heizvorrichtung;
und (c) einer eine Dehnung herbeifiihrenden Vor-
richtung.

Satz fur ein verteiltes Abtastsystem nach Anspruch
2, wobei die wenigstens eine eine Anderung herbei-
fuhrende Vorrichtung (52a, 52b; 132a, 132b, 138a,
138b) eine eine Temperaturédnderung herbeifiihren-
de Vorrichtung ist, wobei die wenigstens eine eine
Temperaturdnderung herbeifihrende Vorrichtung
dazu angepasst ist, in Warmeaustauschbeziehung
mit dem wenigstens einen Testkabel (50a, 50b; 130,
136) angeordnet zu sein, und wobei das wenigstens
eine Testkabel dazu angepasst ist, mit der wenigs-
tens einen eine Temperaturanderung herbeifiihren-
den Vorrichtung zusammenzuwirken, um wenigs-
tens eine Teststation (58a, 58b; 156, 158, 162, 164)
zu definieren; wobei die wenigstens eine Teststation
entlang der Abtastleitung an einer Position weg von
der zu Uberwachenden Struktur angeordnet ist.

Satz fur ein verteiltes Abtastsystem nach Anspruch
4, wobei:

das wenigstens eine Testkabel (50a, 50b; 130,
136) ein erstes und ein zweites Testkabel um-
fasst;

wobei die wenigstens eine eine Temperaturan-
derung herbeifiihrende Vorrichtung (52a, 52b;
132a, 132b, 138a, 138b) eine erste und eine
zweite eine Temperaturanderung herbeifihren-
de Vorrichtung umfasst;

wobei die erste eine Temperaturanderung her-
beifihrende Vorrichtung (52a; 132a; 132b) dazu
angepasst ist, in Warmeaustauschbeziehung
mitdem ersten Testkabel (50a; 130) angeordnet
Zu sein;

wobei die zweite eine Temperaturanderung her-
beifihrende Vorrichtung (52b; 138a; 138b) dazu
angepasst ist, in Warmeaustauschbeziehung
mit dem zweiten Testkabel (50b; 136) angeord-
net zu sein;

wobei die wenigstens eine Teststation (58a,
58b; 156, 158, 162, 164) eine erste und eine
zweite Teststation umfasst; wobei die erste
Teststation (58a; 156, 162) durch das erste
Testkabel zusammenwirkend mit der ersten ei-
ne Temperaturanderung herbeifiihrenden Vor-
richtung definiert ist; wobei die zweite Teststa-
tion (58b; 158, 164) durch das zweite Testkabel
zusammenwirkend mit der zweiten eine Tem-
peraturanderung herbeifiihrenden Vorrichtung
definiert ist;

wobei die erste und die zweite Teststation ent-
lang der Abtastleitung an unterschiedlichen Po-
sitionen angeordnet sind.
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6. Satz fir ein verteiltes Abtastsystem nach Anspruch

4, wobei:

die wenigstens eine eine Temperaturdnderung
herbeifiihrende Vorrichtung eine einzelne eine
Temperaturdnderung herbeifihrende Vorrich-
tung ist;

wobei das wenigstens eine Testkabel ein erstes
Testkabel und ein zweites Testkabel umfasst;
und

wobei die wenigstens eine Teststation eine ers-
te und eine zweite Teststation umfasst; wobei
die erste Teststation durch das erste Testkabel
zusammenwirkend mit der einzelnen eine Tem-
peraturdnderung herbeiflihrenden Vorrichtung
definiert ist; wobei die zweite Teststation durch
das zweite Testkabel zusammenwirkend mitder
einzelnen eine Temperaturanderung herbeifiih-
renden Vorrichtung definiert ist.

Satz flr ein verteiltes Abtastsystem nach Anspruch
1, wobei eine Lange des wenigstens einen Testka-
bels (50a, 50b; 130, 136) auf einer Spule (56a, 56b)
abgestutzt ist, und die Lange des wenigstens einen
Testkabels, die auf der Spule abgestutzt ist, mit der
raumlichen Auflésung der verteilten Abtasteinheit
Ubereinstimmt.

Satz flr ein verteiltes Abtastsystem nach Anspruch
1, wobei die Abtastleitung (26; 160) eine Schlaufen-
ausgestaltung aufweist.

Satz flr ein verteiltes Abtastsystem nach Anspruch
8, wobei:

das wenigstens eine Abtastkabel (30a, 30b,
30c) ein erstes, zweites und drittes Abtastkabel
umfasst;

wobeidas wenigstens eine Testkabel (50a, 50b)
ein erstes und ein zweites Testkabel umfasst;
wobei das erste Abtastkabel (30a) dazu ange-
passt ist, zwischen der verteilten Abtasteinheit
(28) und dem ersten Testkabel (50a) angeord-
net zu sein; wobei das zweite Abtastkabel (30b)
dazu angepasst ist, zwischen dem ersten Test-
kabel (50a) und dem zweiten Testkabel (50b)
angeordnet zu sein; wobei das dritte Abtastka-
bel (30c) dazu angepasst ist, zwischen dem
zweiten Testkabel (50b) und der verteilten Ab-
tasteinheit (28) angeordnet zu sein; und

wobei die Abtastleitung (26) fiir entweder eine
einendige Abfrage oder eine doppelendige Ab-
frage ausgestaltet sein kann.

10. Satz fir ein verteiltes Abtastsystem nach Anspruch

1, wobei die Abtastleitung (150) ein erstes Ende und
ein zweites Ende aufweist; und wobei lediglich das
erste Ende der Abtastleitung mit der verteilten Ab-
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tasteinheit (120, 124) verbunden ist.

Satz fur ein verteiltes Abtastsystem nach Anspruch
1, wobei:

die verteilte Abtasteinheit (28; 120, 124) betriebsbe-
reit ist zum:

(a) Aussenden von Lichtimpulsen zum Senden
durch die Abtastleitung;

(b) Empfangen von Lichtsignalen von der Ab-
tastleitung; und

(c) Ableiten von den empfangenen Lichtsigna-
len von wenigstens einem physikalischen Para-
meter, der der Abtastleitung zugehorig ist, an
einer Position davon; und

die empfangenen Lichtsignale Lichtsignale sind, die
aus der Gruppe ausgewahlt sind bestehend aus: (a)
Raman-Streuungs-Lichtsignalen;  (b)  Brillouin-
Streuungs-Lichtsignalen; und (c) Rayleigh-Streu-
ungs-Lichtsignalen.

Satz fur ein verteiltes Abtastsystem nach Anspruch
1, wobei:

der wenigstens eine physikalische Parameter
Temperatur ist; und

das verteilte Abtastsystem ferner wenigstens ei-
nen Temperatursensor zum Messen der Tem-
peratur des wenigstens einen Testkabels um-
fasst; wobei der Temperatursensor flir Kommu-
nikation mit der Steuerung ausgestaltet ist.

Satz fur ein verteiltes Abtastsystem nach Anspruch
1, wobei:

das wenigstens eine Testkabel (50a, 50b; 130,
136) ein erstes und ein zweites Testkabel um-
fasst;

die wenigstens eine eine Anderung herbeifiih-
rende Vorrichtung (52a, 52b; 132a, 132b, 1383,
138b) eine erste und eine zweite Kihlvorrich-
tung umfasst; und

die Steuerung (54; 134) dazu betriebsbereit ist,
die erste Kuhlvorrichtung zu betéatigen, um das
erste Testkabel auf einen ersten vorgegebenen
Temperaturbereich zu kihlen, und die zweite
Kuhlvorrichtung zu betatigen, um das zweite
Testkabel auf einen zweiten vorgegebenen
Temperaturbereich zu kiihlen,

wobei der erste vorgegebene Temperaturbe-
reich gleich ist wie der zweite vorgegebene
Temperaturbereich oder sich davon unterschei-
det.

Satz fur ein verteiltes Abtastsystem nach Anspruch
1, wobei:
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das wenigstens eine Testkabel (50a, 50b; 130,
136) ein erstes und ein zweites Testkabel um-
fasst;

die wenigstens eine eine Anderung herbeifiih-
rende Vorrichtung (52a, 52b; 132a, 132b, 138a,
138b) eine erste und eine zweite eine Tempe-
raturdnderung herbeifiihrende Vorrichtung um-
fasst; und

die Steuerung (54; 134) dazu betriebsbereit ist,
die erste und die zweite eine Temperaturande-
rung herbeifiihrende Vorrichtung gleichzeitig
oder zu einem ersten Zeitintervall bzw. einem
zweiten Zeitintervall zu betatigen, wobei das
erste Zeitintervall und das zweite Zeitintervall
gleich sind oder voneinander gestaffelt sind.

15. Automatisiertes Verfahren zum Testen der Zuver-

lassigkeit und Wirksamkeit eines verteilten Abtast-
systems, das auf eine zu Uberwachende Struktur an-
gewandt wird, wobei das Verfahren die folgenden
Schritte umfasst:

(a) Aussenden, von einer verteilten Abtastein-
heit, von Lichtimpulsen durch eine Abtastlei-
tung, die von wenigstens einem faseroptischen
Abtastkabel gebildet ist, das auf oder entlang
einer zu Uberwachenden Struktur ausgelegt ist,
und von wenigstens einem faseroptischen Test-
kabel, das an das wenigstens eine Abtastkabel
optisch gekoppelt ist;

(b) Betatigen, zu vorgegebenen Zeiten oder Zei-
tintervallen oder zu beliebigen Zeitintervallen,
wenigstens einer Vorrichtung, die relativzu dem
wenigstens einen Testkabel angeordnet ist, so
dass eine Anderung des wenigstens einen phy-
sikalischen Parameters, der dem wenigstens ei-
nen Testkabel zugeh©rig ist, herbeigeflhrt wird;
wobei der wenigstens eine physikalische Para-
meter, der dem wenigstens einen Testkabel zu-
gehdrig ist, aus der Gruppe ausgewahlt ist be-
stehend aus: (i) Temperatur; (i) Dehnung; und
(iii) Temperatur und Dehnung;

(c) Empfangen, an der verteilten Abtasteinheit,
von zurlickgestreuten Lichtsignalen, die den Po-
sitionen entlang der Abtastleitung zugehdrig
sind;

(d) Ableiten, von den empfangenen Lichtsigna-
len, des wenigstens einen physikalischen Para-
meters, der Positionen entlang der Abtastleitung
zugehorig ist;

(e) Bestimmen, ob eine Anderung des wenigs-
tens einen physikalischen Parameters, der der
Sensorleitung zugehorig ist, an einer Position
davon durch die verteilte Abtasteinheitinnerhalb
einer vorgegebenen Zeitspanne erfasst worden
ist;

(f) Ausldsen einer Alarmbedingung, die das Auf-
treten einer Fehlfunktion im verteilten Abtast-
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system anzeigt, wenn keine Anderunginnerhalb
der vorgegebenen Zeitspanne erfasst worden
ist;

(g) wenn eine Anderung innerhalb der vorgege-
benen Zeitspanne erfasst worden ist, Bestim-
men, ob die erfasste Anderung dem wenigstens
einen Testkabel zugehorig ist;

(h) Berechnen der Reaktionszeit des verteilten
Abtastsystems, wenn die erfasste Anderung
dem wenigstens einen Testkabel zugehdrig ist,
und Speichern der Reaktionszeit;

(i) Ausldsen einer Alarmbedingung, die das Auf-
treten eines Abtastereignisses an einer Position
entlang der zu iberwachenden Struktur anzeigt,
wenn die erfasste Anderung dem wenigstens ei-
nen Abtastkabel zugehorig ist; und

(j) Ausldsen einer Alarmbedingung, die das Auf-
treten eines simulierten Abtastereignisses an-
zeigt, wenn die erfasste Anderung dem wenigs-
tens einen Testkabel zugehdrig ist.

Verfahren nach Anspruch 15, das ferner, anschlie-
Rend an die Durchfiihrung des Berechnungsschritts,
den Schritt des Abschaltens der wenigstens einen
eine Anderung herbeifiihrenden Vorrichtung um-
fasst, um die Anderung des wenigstens einen phy-
sikalischen Parameters, der dem wenigstens einen
Testkabel zugehdrig ist, umzukehren.

Verfahren nach Anspruch 16, das ferner, anschlie-
Rend an die Durchfiihrung des Abschaltschritts, den
Schritt des Wiederholens von Schritt (a) bis Schritt
(i) umfasst.

Verfahren nach Anspruch 15, wobei:

die wenigstens eine eine Anderung herbeifiih-
rende Vorrichtung eine erste eine Tempera-
turanderung herbeifiihrende Vorrichtung und ei-
ne zweite eine Temperaturdnderung herbeifiih-
rende Vorrichtung umfasst; und

der Betatigungsschritt ein Betatigen der ersten
eine Temperaturanderung herbeifihrenden
Vorrichtung und der zweiten eine Tempera-
turdnderung  herbeifiihrenden  Vorrichtung
gleichzeitig oder in gestaffelten Zeitintervallen
umfasst.

Verfahren nach Anspruch 15, das ferner, anschlie-
Rend an den Betatigungsschritt, den Schritt des Kiih-
lens des wenigstens einen Testkabels unter Ver-
wendung von wenigstens einer Kihlvorrichtung, die
in der wenigstens einen eine Anderung herbeifiih-
renden Vorrichtung umfasstist, oder den Schritt des
Erwarmens des wenigstens einen Testkabels unter
Verwendung von wenigstens einer Heizvorrichtung,
die in der wenigstens einen eine Anderung herbei-
fuhrenden Vorrichtung umfasst ist, oder den Schritt

10

20

25

30

35

40

45

50

55

19

EP 2 665 993 B1

20.

36

des Herbeifiihrens einer Dehnung in dem wenigs-
tens einen Testkabel unter Verwendung von wenigs-
tens einer eine Dehnung herbeifihrenden Vorrich-
tung umfasst, die in der wenigstens einen eine An-
derung herbeifihrenden Vorrichtung umfasst ist.

Verfahren nach Anspruch 15, wobei die an der ver-
teilten Abtasteinheit empfangenen Lichtsignale
Lichtsignale sind, die aus der Gruppe ausgewahlt
sind bestehend aus: (i) Raman-Streuungs-Lichtsig-
nalen; (ii) Brillouin-Streuungs-Lichtsignalen; und (iii)
Rayleigh-Streuungs-Lichtsignalen.

Revendications

1.

Kit pour un systeme de détection distribuée (10 ;
110) comprenant :

au moins un cable de détection a fibres optiques
(30a, 30b, 30c ; 122, 126) destiné a étre disposé
sur ou le long d’une structure a surveiller ;

une unité de détection distribuée (28 ; 120, 124)
pour détecter, le long d’une ligne de détection
(26 ; 150, 160), au moins un paramétre physique
associé a la ligne de détection au niveau d’un
emplacement de celle-ci ; 'au moins un para-
metre physique étant sélectionné a partir du
groupe consistant en : (a) la température ; (b) la
tension ; et(c) latempérature etlatension ;I'uni-
té de détection distribuée pouvant étre couplée
optiguement al’au moins un cable de détection ;
au moins un cable de test a fibres optiques (50a,
50b ; 130, 136) pouvant étre couplé optique-
ment a I'au moins un cable de détection pour
former la ligne de détection ;

au moins un dispositif (52a, 52b ; 132a, 132b,
138a, 138b) pouvant étre agencé par rapport a
I'au moins un cable de test pour entrainer un
premier changement de I'au moins un parame-
tre physique associé a I'au moins un céble de
test ; le premier changement pouvant étre dé-
tecté par l'unité de détection distribuée ;

un dispositif de commande (54 ; 134) pour ac-
tionner I'au moins un dispositif d’entrainement
de changement a des instants ou intervalles de
temps prédéterminés ou a des intervalles de
temps aléatoires, pour ainsi tester automatique-
ment 'efficacité et la fiabilité de I'unité de détec-
tion distribuée ; et

unrelais (104 ; 140, 142) pouvant étre configuré
pour une communication avec l'unité de détec-
tion distribuée et le dispositif de commande ; le
relais pouvant étre utilisé pour :

(i) déclencher une premiere condition
d’alarme d’événement de test en réponse
a un signal regu a partir de I'unité de détec-
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tion distribuée (28 ; 120, 124) indicative
d’'une survenue d’un événement de détec-
tion simulé si le premier changement est
détecté ; et

(i) déclencher une condition d’alarme
d’événement de détection en réponse a un
signal recu a partir de l'unité de détection
distribuée (28 ; 120, 124) indicative d’'une
survenue d’'un événement de détection au
niveau d’'un emplacement le long de la
structure qui est surveillée si un second
changement est détecté par l'unité de dé-
tection distribuée (28 ; 120, 124), le second
changement comprenant un changement
de I'au moins un parametre physique asso-
cié a 'au moins un cable de détection (30a,
30b, 30c; 122, 126),

le dispositif de commande (54 ; 134) pouvant étre
utilisé pour surveiller une réponse de l'unité de dé-
tection distribuée (28 ; 120, 124) au changement de
'au moins un parametre physique associé a l'au
moins un cable de test (50a, 50b ; 130, 136) et pour
déclencher une seconde condition d’alarme d’évé-
nement de test indicative d’'une survenue d’un dys-
fonctionnement dans le systéme de détection distri-
buée (28 ; 120, 124) si aucun changement n’a été
détecté dans une période de temps prédéterminée,
et

le dispositif de commande (54 ; 134) comprenant un
temporisateur pour mesurer le temps écoulé entre
la survenue du changement de I'au moins un para-
meétre physique associé a I'au moins un cable de test
et la détection de celui-ci par I'unité de détection dis-
tribuée, et le dispositif de commande (54 ; 134) étant
configuré pour stocker le temps mesuré par le tem-
porisateur dans une mémoire (62).

Kit pour un systeme de détection distribuée selon la
revendication 1, dans lequel 'au moins un parameétre
physique comprend la température.

Kit pour un systeme de détection distribuée selon la
revendication 2, dans lequel I'au moins un dispositif
d’entrainement de changement (52a, 52b; 132a,
132b, 138a, 138b) est sélectionné a partir du groupe
consistant en : (a) un dispositif de refroidissement ;
(b) un dispositif de chauffage ; et (c) un dispositif
d’entrainement de tension.

Kit pour un systeme de détection distribuée selon la
revendication 2, dans lequel I'au moins un dispositif
d’entrainement de changement (52a, 52b; 132a,
132b, 138a, 138b) est un dispositif d’entrainement
de changement de température, 'au moins un dis-
positif d’entrainement de changement de tempéra-
ture est congu pour étre disposé enrelation d’échan-
ge de chaleur avec I'au moins un cable de test (50a,
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50b ; 130, 136), et 'au moins un cable de test est
congu pour coopérer avec I'au moins un dispositif
d’entrainement de changement de température pour
définir au moins une station de test (58a, 58b ; 156,
158, 162, 164) ; 'au moins une station de test étant
disposée le long de la ligne de détection au niveau
d’'un emplacement éloigné de la structure a sur-
veiller.

Kit pour un systéme de détection distribuée selon la
revendication 4, dans lequel :

I’'au moins un céble de test (50a, 50b ; 130, 136)
comprend des premier etsecond cables detest ;
I’'au moins un dispositif d’entrainement de chan-
gement de température (52a, 52b ; 132a, 132b,
138a, 138b) comprend des premier et second
dispositifs d’entrainement de changement de
température ;

le premier dispositif d’entrainement de change-
ment de température (52a ; 132a ; 132b) étant
congu pour étre disposé en relation d’échange
de chaleur avec le premier cable de test (50a ;
130) ;

le second dispositif d’entrainement de change-
ment de température (52b ; 138a, 138b) étant
congu pour étre disposé en relation d’échange
de chaleur avec le second cable de test (50b ;
136) ;

I'au moins une station de test (58a, 58b ; 156,
158, 162, 164) comprend des premiére et se-
conde stations de test ; la premiéere station de
test (58a ; 156, 162) étant définie par le premier
cable de testen coopération avec le premier dis-
positif d’entrainement de changement de
température ; la seconde station de test (58b ;
158, 164) étant définie par le second cable de
test en coopération avec le second dispositif
d’entrainement de changement de
température ;

les premiéere et seconde stations de test étant
disposées le long de la ligne de détection a dif-
férents emplacements.

Kit pour un systéme de détection distribuée selon la
revendication 4, dans lequel :

I’'au moins un dispositif d’entrainement de chan-
gement de température est un dispositif d’en-
trainement de changement de température
unique ;

I'aumoins un cable de test comprend un premier
cable de test et un second cable de test ; et
I'aumoins une station de test comprend des pre-
miére et seconde stations de test ; la premiére
station de test étant définie par le premier cable
de test en coopération avec le dispositif d’en-
trainement de changement de température
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unique ; la seconde station de test étant définie
par le second cable de test en coopération avec
le dispositif d’entrainement de changement de
température unique.

Kit pour un systeme de détection distribuée selon la
revendication 1, dans lequel une longueur de l'au
moins un cable de test (50a, 50b ; 130, 136) est por-
tée sur une bobine (5643, 56b), et la longueur de 'au
moins un cable de test portée sur la bobine est mise
en correspondance avec la résolution spatiale de
I'unité de détection distribuée.

Kit pour un systeme de détection distribuée selon la
revendication 1, dans lequel la ligne de détection
(26 ; 160) a une configuration de boucle.

Kit pour un systeme de détection distribuée selon la
revendication 8, dans lequel :

I'au moins un céble de détection (30a, 30b, 30c)
comprend des premier, deuxiéme et troisieme
cables de détection ;

I'au moins un cable de test (50a, 50b) comprend
des premier et second cébles de test ;

le premier cable de détection (30a) étant congu
pour étre disposé entre l'unité de détection dis-
tribuée (28) et le premier cable de test (50a) ; le
deuxiéme céable de détection (30b) étant congu
pour étre disposé entre le premier cable de test
(50a) et le second cable de test (50b) ; le troi-
sieme cable de détection (30c) étant congu pour
étre disposé entre le second cable de test (50b)
et 'unité de détection distribuée (28) ; et

la ligne de détection (26) peut étre configurée
pour 'une parmi une interrogation a une seule
extrémité etune interrogation a deux extrémités.

10. Kit pour un systéme de détection distribuée selon la

1.

revendication 1, dans lequel la ligne de détection
(150) a une premiere extrémité et une seconde
extrémité ; et seule la premiére extrémité de la ligne
de détection est reliée a l'unité de détection distri-
buée (120, 124).

Kit pour un systeme de détection distribuée selon la
revendication 1, dans lequel :

lunité de détection distribuée (28 ; 120, 124)
peut étre utilisée pour :

(a) émettre des impulsions de lumiére pour
une transmission par l'intermédiaire de la
ligne de détection ;

(b) recevoir des signaux de lumiere a partir
de la ligne de détection ; et

(c) calculer, a partir des signaux de lumiére
regus, 'au moins un parameétre physique
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associé a la ligne de détection au niveau
d’un emplacement de celle-ci ; et

les signaux de lumiére recus sont des signaux
de lumiére sélectionnés a partir du groupe con-
sistant en : (a) des signaux de lumiere ayant fait
I'objet d’'une diffusion de Raman ; (b) des si-
gnaux de lumiére ayantfait'objet d’'une diffusion
de Brillouin ; et (¢) des signaux de lumiére ayant
fait 'objet d’une diffusion de Rayleigh.

12. Kit pour un systeme de détection distribuée selon la

revendication 1, dans lequel :

'au moins un paramétre physique est la
température ; et

le systéme de détection distribuée comprend en
outre au moins un capteur de température pour
mesurer la température de I'au moins un cable
de test ; le capteur de température étant confi-
guré pour une communication avec le dispositif
de commande.

13. Kit pour un systeme de détection distribuée selon la

revendication 1, dans lequel :

I’'au moins un céble de test (50a, 50b ; 130, 136)
comprend des premier etsecond cables detest ;
I’'au moins un dispositif d’entrainement de chan-
gement (52a, 52b; 132a, 132b, 138a, 138b)
comprend des premier et second dispositifs de
refroidissement ; et

le dispositif de commande (54 ; 134) peut étre
utilisé pour actionner le premier dispositif de re-
froidissement en vue de refroidir le premier ca-
ble de test a une premiére plage de températu-
res prédéterminée et le second dispositif de re-
froidissement en vue de refroidir le second cable
de test a une seconde plage de températures
prédéterminée,

la premiere plage de températures prédétermi-
née étantlaméme quelaseconde plage de tem-
pératures prédéterminée ou différente de celle-
ci.

14. Kit pour un systeme de détection distribuée selon la

revendication 1, dans lequel :

I’'au moins un céble de test (50a, 50b ; 130, 136)
comprend des premier etsecond cables detest ;
I’'au moins un dispositif d’entrainement de chan-
gement (52a, 52b; 132a, 132b, 138a, 138b)
comprend des premier et second dispositifs
d’entrainement de changement de
température ; et

le dispositif de commande (54 ; 134) peut étre
utilisé pour actionner les premier et second dis-
positifs d’entrainement de changement de tem-
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pérature simultanément, ou a un premier inter-
valle de temps et a un second intervalle de
temps, respectivement, le premier intervalle de
temps et le second intervalle de temps étant les
mémes ou étant décalés I'un par rapport a
lautre.

15. Procédé automatisé pour tester la fiabilité et I'effica-

cité d’'un systéeme de détection distribuée déployé
sur une structure asurveiller, le procédé comprenant
les étapes consistant a :

(a) émettre, a partir d’'une unité de détection dis-
tribuée, des impulsions de lumiére par I'intermé-
diaire d’une ligne de détection formée par au
moins un cable de détection a fibres optiques
disposé surou le long d’une structure a surveiller
et au moins un cable de test a fibres optiques
couplé optiquement a I'au moins un cable de
détection ;

(b) actionner, a des instants ou intervalles de
temps prédéterminés ou a des intervalles de
temps aléatoires, au moins un dispositif agencé
parrapportal’au moins un cable de testde fagon
a entrainer un changement de I'au moins un pa-
rametre physique associé a I'au moins un cable
de test ; 'au moins un paramétre physique as-
socié a I'au moins un cable de test étant sélec-
tionné a partir du groupe consistant en : (i) la
température ; (i) la tension ; et (iii) la tempéra-
ture et la tension ;

(c) recevoir, au niveau de l'unité de détection
distribuée, des signaux de lumiére rétrodiffusés
associés a des emplacements le long de laligne
de détection ;

(d) calculer, a partir des signaux de lumiére re-
gus, 'au moins un paramétre physique associé
a des emplacements le long de la ligne de
détection ;

(e) déterminer si un changement de I'au moins
un parametre physique associé ala ligne de dé-
tection au niveau d’un emplacement de celle-ci
aou non été détecté par I'unité de détection dis-
tribuée dans une période de temps
prédéterminée ;

(f) déclencher une condition d’alarme indicative
de la survenue d'un dysfonctionnement dans le
systéme de détection distribuée, si aucun chan-
gementn’a été détecté dansla période de temps
prédéterminée ;

(9) si un changement a été détecté dans la pé-
riode de temps prédéterminée, déterminer sile
changement détecté est ou non associé a 'au
moins un cable de test ;

(h) calculer le temps de réaction du systeme de
détection distribuée, si le changement détecté
est associé al'au moins un cable de test, et stoc-
ker le temps de réaction ;
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(i) déclencher une condition d’alarme indicative
de la survenue d’un événement de détection au
niveau d'un emplacement le long de la structure
qui est surveillée, si le changement détecté est
associé a I'au moins un cable de détection ; et
(j) déclencher une condition d’alarme indicative
de la survenue d’'un événement de détection si-
mulé, si le changement détecté est associé a
I’'au moins un cable de test.

Procédé selon la revendication 15, comprenant en
outre, aprés laréalisation de I'étape de calcul, I'étape
de désexcitation de I'au moins un dispositif d’entrai-
nementde changement pour annuler le changement
de 'au moins un parameétre physique associé a I'au
moins un cable de test.

Procédé selon la revendication 16, comprenant en
outre, aprés la réalisation de I'étape de désexcita-
tion, I'étape de répétition de I'étape (a) a I'étape (i).

Procédé selon la revendication 15, dans lequel :

I’'au moins un dispositif d’entrainement de chan-
gementcomprend un premier dispositif d’entrai-
nement de changement de température et un
second dispositif d’entrainement de change-
ment de température ; et

I'étape d’actionnement comprend I'actionne-
ment du premier dispositif d’entrainement de
changement de température et du second dis-
positif d’entrainement de changement de tem-
pérature simultanément, ou a des intervalles de
temps décalés.

Procédé selon la revendication 15, comprenant en
outre, apres I'étape d’actionnement, I'étape de re-
froidissement de I'au moins un cable de test a l'aide
d’au moins un dispositif de refroidissement inclus
dans l'au moins un dispositif d’entrainement de
changement, ou I'étape de chauffage de I'au moins
un cable de test a I'aide d’au moins un dispositif de
chauffage inclus dans 'au moins un dispositif d’en-
trainement de changement, ou I'étape d’entraine-
ment de tension dans I'au moins un cable de test a
I'aide d’au moins un dispositif d’entrainement de ten-
sion inclus dans I'au moins un dispositif d’entraine-
ment de changement.

Procédé selon la revendication 15, dans lequel les
signaux de lumiére regus au niveau de l'unité de dé-
tection distribuée sont des signaux de lumiére sé-
lectionnés a partir du groupe consistant en : (i) des
signaux de lumiére ayant fait I'objet d’'une diffusion
de Raman ; (ii) des signaux de lumiére ayant fait
I'objetd’une diffusion de Brillouin ; et (iii) des signaux
de lumiere ayant fait 'objet d’une diffusion de Ray-
leigh.



EP 2 665 993 B1

SSE

901
18|j011u0)D

Jueld
ﬁ

09 10SS920.1d0.IoIN

— 701
29 Aowapy Rejay
S Jojjonuo)n ,
r—-—=-—-_~"-"
_ ag8g.
L uoneig!
' Bupse] ' —4g9s  ¥6  90E nm,m
! fca0s 06 | 26 [ o6
i \@ ; A‘F
qes+L !
BZGS ~ - ..__ 99

o) ) N ®

|

_ (1 nin
| I JA S1d
. ®Eg J

_ , —eps 0/ Bce

| 1

o] - 0¢
mm\\\\\\

23



EP 2 665 993 B1

¢ 9ld

0y Aowap 8E 10SS95201d0JoIN
1
OF lapeay
1
a av ./
Tl
10129UU0) m_m
f v 7€ e0inos b
B2 |-l >
101292UU0)

8¢ Wun s1d

24



EP 2 665 993 B1

€ old

ZT J9jj0nuo)

lue|d

}

44!
Aejay

iZ48
nun
S1d

VEF J9]|01u0)

ovl
Aejoy

25




EP 2 665 993 B1

180
Emit pulse of light into sensing line 26 |-

Actuate cooling device and record start | _—182

time for actuation of cooling device

!

Cool testcable | _— 184

Receive backscattered light signals
associated with locations along the

sensing line 26 and process signals /-186

to determine temperature values
associated with locations

188

Has temperature
drop been detected at any
location along the sensor line 26
within a predetermined
time period?

198

\

Record a timeout
failure for the DTS
subsystem 20

]

Yes
@ed to Step 190

.
CBroceed to Step 202>-

Trigger alarm
condition indicative
of the occurrence
of a malfunction in
the DTS subsystem
20 and notify
plant controller

FIG. 4A

26




EP 2 665 993

@ue from Step 188

B1

194

\

temperature drop
occur at a location along
pipe section being

Trigger alarm condition
indicative of the occurrence
of a simulated

monitored?

leakage event

Trigger alarm condition
indicative of the occurrence
of an actual leakage event

and notify plant controller

Record time at which the
alarm condition was
triggered and calculate
reaction time of DTS
subsystem 20

202
AN

De-energize cooling device
and allow test cable to return
to normal temperature

204
N\

Repeat steps 180 to 202

FIG. 4B

27




EP 2 665 993 B1

G Old

44

l9|j01u0)
ue|d

¥¢ 10SS9201d0IoIN

— 0S¢
ove foweapy Kejay
02 8llonuo) |
r==-==-n"
ayee " Q|©.VN "
, Uonels opES
|  bunsel 1 _qgeg
reyard I J
L% )| _ @\_\ﬁ .
A 1
/Nmm ggez—t —=——= -
Me— 71 —
J | @8ee [ _ Ll Zee
——| - _ @\ _ Lt 7 nn
L vee gy | | | SLd
1 |
1 BO9PS
8ve avee 1 uonels B9gC Eree
I Bunsoe !
Pl 822

ommi\ omm\\

28



EP 2 665 993 B1

Emit pulse of light into sensing line 244

Actuate heating device and record start | _—262

time for actuation of heating device

)

Heat test cable /’264

Receive backscattered light signals
associated with locations along the

sensing line 244 and process signals /—266

to determine temperature values
associated with locations

268

Has temperature
rise been detected at any
location along the sensor line 244
within a predetermined
time period?

278

\

Record a timeout
failure for the DTS

subsystem 228

Yes
@ed to Step 270

.
Braceed o Stop 202>~

Trigger alarm
condition indicative
of the occurrence
of a malfunction in
the DTS subsystem
228 and notify
plant controller

FIG. 6A

29




EP 2 665 993

@lue from St@
270
Ve

B1

274

\

temperature rise
occur at a location along
pipe section being
monitored?

Trigger alarm condition
| indicative of the occurrence
of a simulated
leakage event

272

/

Trigger alarm condition
indicative of the occurrence
of an actual leakage event

and notify plant controller

282

276
W

|

Record time at which the
alarm condition was
triggered and calculate
reaction time of DTS
subsystem 228

i

De-energize heating device
and allow test cable to return
to normal temperature

Y

284
\

Repeat steps 260 to 282

FIG. 6B

30




EP 2 665 993 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 5821861 A [0008] e US 4823166 A [0010]
» DE 102008031875 A1 [0009]

31



	bibliography
	description
	claims
	drawings
	cited references

